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ADVERTISEMENT. 

In connection with the system of meteorological observations established by 

be Smithsonian Institution about 1850, a series of meteorological tables was 

:ompiled by Dr. Arnold Guyot, at the request of Secretary Henry, and the first 

edition was published in 1852. Though primarily designed for meteorological 

observers reporting to the Smithsonian Institution, the tables were so widely used 

by physicists that it seemed desirable to recast the work entirely. It was decided 

to publish three sets of tables, each representative of the latest knowledge in its 

field, and independent of one another, but forming a homogeneous series. The 

first of the new series, Meteorological Tables, was published in 1893, the second, 

Geographical Tables, in 1894, and the third. Physical Tables, in 1896. In 1909 

yet another volume was added, so that the series now comprises : Smithsonian 

Meteorological Tables, Smithsonian Geographical Tables, Smithsonian Physical 

Tables, and Smithsonian Mathematical Tables. 

The fourteen years which had elapsed in 19 10 since the publication of the first 
edition of the Physical Tables, prepared by Professor Thomas Gray, had brought 
such changes in the material upon which the tables must be based that it became 
necessary to make a radical revision for the 5th revised edition issued in 1910. 
That revision has been still further continued for the present sixth edition. 

Charles D. Walcott, 
Secretary of the Smithsonian Institution. 
June, 1914. 
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PREFACE TO SECOND REPRINT OF 6th 

REVISED EDITION 

The fifth revised edition of the Smithsonian Physical Tables, published in 19 lo, 
was the outcome of a radical revision of the set of tables compiled by Professor 
Thomas Gray in 1896. More recent data and many new tables were added for 
which the references to the sources were made more complete ; and several mathe- 
matical tables were added, — some of them especially computed for that work. 
The inclusion of these mathematical tables seemed warranted by the demand for 
them. In order to preserve a uniform change of argument and to facilitate com- 
parison, many of the numbers given in some tables were obtained by interpolation 
in the data actually given in the papers quoted. 

Many suggestions and much help in the improvement of that edition were received 
from the U. S. Bureau of Standards in the revision of the electrical, magnetic, 
and metrological tables, etc. ; from the U. S. Coast and Geodetic Survey in the revi- 
sion of the magnetic and geodetic tables ; from the U. S. Geological Survey for 
various data ; from Mr. Van Orstrand for several of the mathematical tables ; 
from Mr. Wead for the data on the musical scales ; from Mr. Sosman for the new 
physical-chemistry data ; from Messrs. Abbot, Becker, Lanza, Rosa, and Wood ; 
from the U. S. Bureau of Forestry and from others. The authors and publishers 
of Landolt-Bornstein-Meyerhoffer's Physikalisch-chemische Tabellen (1905) and 
B. O. Peirce*s Mathematical Tables permitted the use of certain tables. 

In the sixth revised edition printed in 19 14 the radical changes begun in the 
fifth edition were continued ; a large proportion of the tables were rechecked, 
typographical errors corrected, later data inserted and many new tables added, 
including among others a new set of wire tables from advance sheets courte- 
ously given by the U. S. Bureau of Standards, new mathematical tables com- 
puted by Mr. Van Orstrand and those on Rontgen rays and radioactivity. 

The supply of the first reprint of the sixth edition being exhausted, additional 
copies are here reprinted, advantage being taken of the opportunity for correct- 
ing errors in the stereotype plates. We are especially indebted to the United 
States Bureau of Standards and particularly to Mr. J. H. Dellinger of that Bu- 
reau for criticism, and also express our gratitude to others who have helped in 
various ways in the preparation of this work. 

F. E. FowLE. 

ASTROPHYSICAL OBSERVATORY, 

OF THE Smithsonian Institution, 
August^ 191 6. 
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INTRODUCTION. 



UNITS OF MEASUREMENT AND CONVERSION FORMULAE. 

Units. — The quantitative measure of anything is a number which expresses the 
ratio of the magnitude of the thing to the magnitude of some other thing of the 
9ame kind. In order that the number expressing the measure may be intelligi- 
ble, the magnitude of the thing used for comparison must be known. This leads 
to the conventional choice of certain magnitudes as units of measurement, and 
any other magnitude is then simply expressed by a number which tells how many 
magnitudes equal to the unit of the same kind of magnitude it contains. For 
example, the distance between two places may be stated as a certain number of 
miles or of yards or of feet. In the first case, the mile is assumed as a known 
distance ; in the isecond, the yard, and in the third, the foot. What is sought for 
in the statement is to convey an idea of the distance by describing it in terms of 
distances which are either familiar or easily referred to for comparison. Similarly 
quantities of matter are referred to as so many tons or pounds or grains and so 
forth, and intervals of time as a number of hours or minutes or seconds. Gen- 
erally in ordinary affairs such statements appeal to experience ; but, whether this 
be so or not, the statement must involve some magnitude as a fundamental quan- 
tity, and this must be of such a character that, if it is not known, it can be readily 
referred to. We become familiar with the length of a mile by walking over dis- 
tances expressed in miles, with the length of a yard or a foot by examining a yard 
or a foot measure and comparing it with something easily referred to, — say our 
own height, the length of our foot or step, —^ and similarly for quantities of other 
kinds. This leads us to be able to form a mental picture of such magnitudes 
\ when the numbers expressing them are stated, and hence to follow intelligently 
descriptions of the results of scientific work. The possession of copies of the 
nnits enables us by proper comparisons to find the magnitude-numbers express- 
[ ing physical quantities for ourselves. The numbers descriptive of any quan- 
rtity must depend on the intrinsic magnitude of the unit in terms of which it is 
described. Thus a mile is 1760 yards, or 5280 feet, and hence when a mile is 
taken as the unit the magnitude-number for the distance is i, when a yard is taken 
as the unit the magnitude-number is 1760, and when a foot is taken it is 5280. 
Thus, to obtain the magnitude-number for a quantity in terms of a new unit when 
I it is already known in terms of another we have to multiply the old magnitude- 
Lft,aB[iber by the ratio of the intrinsic values of the old and new units; that is, by 
Ipeiiui^ber of the new units required to make one of the old. 
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Fundamental Units of Length and Mass. — It is desirable that as fev 
different kinds of unit quantities as possible should be introduced into our measuxe- 
ments, and since it has been found possible and convenient to express a hagt 
number of physical quantities in terms of length or mass or time units and com- 
binations of these, they have been very generally adopted as fundamental units 
Two systems of such units are used in this country for scientific measurements, 
namely, the customary, and the French or metric, systems. Tables of conversioo 
factors are given in the book for facilitating comparisons between quantities ex- 
pressed in terms of one system with similar quantities expressed in the other. In 
the customary system the standard unit of length is the yard and is now defined 
as 3600/3937 meter. The unit of mass is the avoirdupois pound and is defined 
as 1/2.20462 kilogram. 

The British yard is defined as the *^ straight line or distance (at 62<» F.) between 
the transverse lines in the two gold plugs in the bronze bar deposited in the office 
of the exchequer." The British standard of mass is the pound avoirdupois and 
is the mass of a piece of platinum marked " P. S. 1844, i lb.," preserved in dx 
exchequer office. 

In the metric system the standard of length is the meter and is defined as the 
distance between two lines at 0° Centigrade on a platinum iridium bar deposited 
at the International Bureau of Weights and Measures. This bar is known as the 
International Prototype Meter, and its length was derived from the "mbtre dcs 
Archives," which was made by Borda. Copies of the International Prototype 
Meter are possessed by the various governments, and are called *' National 
Prototypes." 

Borda, Delambre, Laplace, and others, acting as a committee of the French 
Academy, recommended that the standard unit of length should be the ten mH- 
Honth part of the length, from the equator to the pole, of the meridian passing 
through Paris. In 1795 the French Republic passed a decree making this the 
legal standard of length, and an arc of the meridian extending from Dunkirk to 
Barcelona was measured by Delambre and Mechain for the purpose of realizing 
the standard. From the results of that measurement the meter bar was made 
by Borda. The meter is not now defined in terms of the meridian length, and 
hence subsequent measurements of the length of the meridian have not affected 
the length of the meter. 

The metric standard of mass is the kilogram and is defined as the mass of a 
piece of platinum-iridium deposited at the International Bureau of Weights and 
Measures. This standard is known as the International Prototype Kilogram. 
Its mass is equal to that of the older standard, the " kilogramme des Archives," 
made by Borda and intended to have the same mass as a cubic decimeter of dis- 
tilled water at the temperature of 4° C. Copies of the International Prototype 
Kilogram are possessed by the various governments, and as in the case of the 
meter standards are called National Prototypes. 
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Comparisons of the French and customary standards are given in tabular form 
in Table 2 ; and similarly Table 3, differing slightly, compares the British and 
French systems. In the metric system the decimal subdivision is used, and thus 
we have the decimeter, the centimeter, and the millimeter as subdivisions, and 
the dekameter, hektometer, and kilometer as multiples. The centimeter is most 
commonly used in scientific work. 



Time. — The unit of time in both the systems here referred to is the mean 
solar second, or the 86,400th part of the mean solar day. The unit of time is 
thus founded on the average time required for the earth to make one revolution 
on its axis relatively to the sun as a fixed point of reference. 



Oerived Units. — Units of quantities depending on powers greater than unity 
of the fundamental length, mass, and time units, or on combinations of different 
powers of these units, are called *' derived units." Thus, the unit of area and of 
volume are respectively the area of a square whose side is the unit of length and 
the volume of a cube whose edge is the unit of length. Suppose that the area of 
a surface is expressed in terms of the foot as fundamental unit, and we wish to 
find the area-number when the yard is taken as fundamental unit. The yard is 
3 times as long as the foot, and therefore the area of a square whose side is a 
yard is 3 X 3 times as great as that whose side is a foot. Thus, the surface will 
only make one ninth as many units of area when the yard is the unit of length as 
it will make when the foot is that unit. To transform, then, from the foot as old 
unit to the yard as new unit, we have to multiply the old area-number by 1/9, or by 
the ratio of the magnitude of the old to that of the new unit of area. This is the 
same rule as that given above, but it is usually more convenient to express the 
transformations in terms of the fundamental units directly. In the above case, 
since on the method of measurement here adopted an area-number is the product 
of a length-number by a length-number the ratio of two units is the square of the 
ratio of the intrinsic values of the two units of length. Hence, if / be the ratio 
of the magnitude of the old to that of the new unit of length, the ratio of the cor- 
responding units of area is /*. Similarly the ratio of two units of volume will be 
^, and so on for other quantities. 



Dimensional Formulae. — It is convenient to adopt symbols for the ratios 
of length units, mass units, and time units, and adhere to their use throughout ; 
and in what follows, the small letters, /, m, /, will be used for these ratios. These 
letters will always represent simple numbers, but the magnitude of the number 
will depend on the relative magnitudes of the units the ratios of which they repre- 
sent. When the values of the numbers represented by /, m, t are known, and the 
powers of /, »i, and / involved in any particular unit are also known, the factor for 
transformation is at once obtained. Thus, in the above example, the value of / 
was 1/3 and the power of /involved in the expression for area is P\ hence, the 
factor for transforming from square feet to square yards is 1/9. These factors 
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have been called by Prof. James Thomson '* change ratios," which seems ai 
appropriate term. The term "conversion factor" is perhaps more generallj 
known, and has been used throughout this book. 

Conversion Factor. — In order to determine the symbolic expression for the 
conversion factor for any physical quantity, it is sufficient to determine the degree 
to which the quantities length, mass, and time are involved in the quantity. Thu^ 
a velocity is expressed by the ratio of the number representing a length to thai 
representing an interval of time, or L/T, an acceleration by a velocity-numbei 
divided by an interval of time-number, or L/T*, and so on, and the correspond 
ing ratios of units must therefore enter to precisely the same degree. The fac 
tors would thus be for the above cases, /// and ///*. Equations of the form abovi 
given for velocity and acceleration which show the dimensions of the quantity ii 
terms of the fundamental units are called " dimensional equations." Thus 

E = ML«T-« 

b the dimensional equatibn for energy, and MLT"* is the dimensional formula 
for energy. 

In general, if we have an equation for a physical quantity 

Q = CL«Mn^, 

where C is a constant and LMT represents length, mass, and time in terms of oxn 
set of units, and we wish to transform to another set of units in terms of whici 

LMT 

the length, mass, and time are LyMyT;, we have to find the value of j-'^hr'^^^ whicl 

in accordance with the convention adopted above will be / « /, or the ratios a 
the magnitudes of the old to those of the new units. 
Thus L/=:L/, Mf=Mmj Ty = T/, and if Qy be the new quantity-number 

Qy = CL/«My^/ 

= CL^/^M^wT^r = Q^f^f, 

or the conversion factor is I'n/'f^, a quantity of precisely the same form as th 
dimension formula L^M^. 

We now proceed to form the dimensional and conversion factor formulae fa 
the more commonly occurring derived units. 

1. Area. — The unit of area is the square the side of which is measured b 
the unit of length. The area of a surface is therefore expressed as 

S = CL«, 

where C is a constant depending on the shape of the boundary of the surfac 
and L a linear dimension. For example, if the surface be square and L be th 
length of a side C is unity. If the boundary be a circle and L be a diamete 
C = ir/4, and so on. The dimensional formula is thus L*, and the conversio 
factor /*. 

2. Volume. — The unit of volume is the volume of a cube the edge of whic 
b measured by the unit of length. The volume of a body is therefore expressed i 



INTRODUCTION. ZXI 

V = CL«, 

ifaere as before C is a constant depending on the shape of the boundary. The 
dimensional formula is L* and the conversion factor A 

3. Density. — The density of a substance is the quantity of matter in the unit 
of volume. The dimension formula is therefore M/V or ML"*, and conversion 

Example. — The density of a body is 150 in pounds per cubic foot: required 
tbe density in grains per cubic inch. 

Here m is the number of grains in a pound = 7000, and / is the number of 
mcbes in a foot = 12 ; .*. fnt"* = 7000/12* = 4.051. Hence the density is 150 X 
4.051 = 607.6 in grains per cubic inch. 

Note. — The specific gravity of a body is the ratio of its density to the density of a standard 
tabstance. The dimension formula and conversion factor are therefore both unity. 

4. Velocity. — The velocity of a body at any instant is given by the equation 
p= 5-^ or velocity is the ratio of a length-number to a time-number. The di- 

mension formula is LT~\ and the conversion factor IfK 

Example. — A train has a velocity of 60 miles an hour : what is its velocity in 
feet per second ? 

Here /= 5280 and /=36oo ; .*. /T"*^ 5L-?= i^ = 1.467. Hence the velo- 
dty =60 X 1*467 = 88.0 in feet per second. 

5. Angle. — An angle is measured by the ratio of the length of an arc to the 
length of the radius of the arc. The dimension formula and the conversion 
factor are therefore both unity. 

6. Angular Velocity. — Angular velocity is the ratio of the magnitude of the 
ingle described in an interval of time to the length of the interval. The dimen- 
»0D formula is therefore T~*, and the conversion factor is /~\ 

7. Linear Acceleration. — Acceleration is the rate of change of velocity or 

lb) __ — 

#=: — . The dimension formula is therefore VT"* or LT^, and the conversion 
dt 

factor is iSr*. 

Example. — A body acquires velocity at a uniform rate, and at the end of one 
nbute is moving at the rate of 20 kilometers per hour: what is the acceleration 
in centimeters per second per second ? 

Since the velocity gained was 20 kilometers per hour in one minute, the accel- 
eration was 1200 kilometers per hour per hour. 

Here /= 100 000 and /= 3600 ; .•. //"* = 100 000/3600* = .00771, and there- 
fore acceleration = .00771 X 1200 = 9.26 centimeters per second. / 

8. Angular Acceleration. — Angular acceleration is rate of change of angu- 
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lar velocity. The dimensional formula is thus ^"g^^ar velocity ^^ ^^^ ^^ ^ 
conversion factor /"*. 

9. Solid Angle. — A solid angle is measured by the ratio of the surface of 
the portion of a sphere enclosed by the conical surface forming the angle to the 
square of radius of the spherical surface, the centre of the sphere beings at the 

vertex of the cone. The dimensional formula is therefore — pF ^^ ^> ^^^ hence 
the conversion factor is also x. 

10. Curvature. — Curvature is measured by the rate of change of direction of 
the curve with reierence to distance measured along the curve as independent 

variable. The dimension formula is therefore ,^"^? or L'~\ and the conversion 

length 

factor is t'K 

11. Tortuosity. — Tortuosity is measured by the rate of rotation of the tan- 
gent plane round the tangent to the curve of reference when length along the 

curve is independent variable. The dimension formula is therefore ^ "^ , or 

length 

L~^ and the conversion factor is /"*. 

12. Specific Curvature of a Surface. — This was defined by Gauss to bet 
at any point of the surface, the ratio of the solid angle enclosed by a surface 
formed by moving a normal to the surface round the periphery of a small area 
containing the point, to the magnitude of the area. The dimensional formula is 

therefore ^^-1 — E!?5_f or L~', and the conversion factor is thus t"*. 
surface 

13. Momentum. — This is quantity of motion in the Newtonian sense, and is, 
at any instant, measured by the product of the mass-number and the velocity- 
number for the body. 

Thus the dimension formula is MV or MLT~\ and the conversion factor m/f\ 
Example. — A mass of 10 pounds is moving with a velocity of 30 feet per sec- 
ond: what is its momentum when the centimeter, the gram, and the second are 
fundamental units ? 

Here »» = 453-S9» /=3o-48, and /= i ; .-. *»//-* = 453.59 X 30.48= 13825. 
The momentum is thus 13825 X 10X30 = 4147 500. 

14. Moment of Momentum. — The moment of momentum of a body with 
reference to a point is the product of its momentum-number and the number 
expressing the distance of its line of motion from the point. The dimensional 
formula is thus ML*T"S and hence the conversion factor is mPf'^, 

15. Moment of Inertia. — The moment of inertia of a body round any axis 
is expressed by the formula Smr'i where m is the mass of any particle of the body 
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md r its distance from the axis. The dimension formula for the sum is clearly 
lie same as for each element, and hence is ML^ The conversion factor is there- 
ore hi/*. 

x6. Angular Momentum. — The angular momentum of a body round any 
ucis is the product of the numbers expressing the moment of inertia and the 
ixigular velocity of the body. The dimensional formula and the conversion fac- 
:or are therefore the same as for moment of momentum given above. 

X7. Force. — A force is measured by the rate of change of momentum it is 
capable of producing. The dimension formulae for force and ''time rate of 
^ange of momentum " are therefore the same, and are expressed by the ratio 
of momentum-number to time-number or MLT"'. The conversion factor is thus 



N'oTE. — When mass is expressed in pounds, length in feet, and time in seconds, the unit force 
b called the poundal. When grams, centimeters, and seconds are the corresponding units the unil 
o< force is called the dyne. 

Mxample, Find the number of d3mes in 25 poundals. 

Here m = 4S3-59» ^ = 3o-48, and /= i ; .". w/r«= 453.59 X 30.48= 13825 
nearly. The number of dynes is thus 13825 X 25 =345625 approximately. 

x8. Moment of a Couple, Torque, or Twisting Motive. — These are dif- 
ferent names for a quantity which can be expressed as the product of two numbers 
representing a force and a length. The dimension formula is therefore FL or 
MLi*r~*, and the conversion factor is w/*/"*. 

X9. Intensity of a Stress. — The intensity of a stress is the ratio of the num- 
ber expressing the total stress to the number expressing the area over which the 
stress is distributed. The dimensional formula is thus FL""* or ML"^T^, and the 
conversion factor is wt'^fK 

20. Intensity of Attraction, or '< Force at a Point." — This is the force of 
attraction per unit mass on a body placed at the point, and the dimensional for- 
mula is therefore FM~* or LT~*, the same as acceleration. The conversion fac- 
tors for acceleration therefore apply. 

• 

21. Absolute Force of a Centre of Attraction, or " Strength of a Cen- 
tre." — This IS the intensity of force at unit distance from the centre, and is there- 
fore the force per unit mass at any point multiplied by the square of the distance 
from the centre. The dimensional formula thus becomes FL^"* or L'T~*. The 
conversion factor is therefore /■/"'. 

22. Modulus of Elasticity. — A modulus of elasticity is the ratio of stress 
intensity to percentage strain. The dimension of percentage strain is a length 
divided by a length, and is therefore unity. Hence, the dimensional formula of a 
modulus of elasticity is the same as that of stress intensity, or ML^^T"', and the 
conversion factor is thus also mt'^fK 
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23. Work and Energy. — When the point of application of a force, acting cm 
a body, moves in the direction of the force, work is done by the force, and tbe 
amount is measured by the product of the force and displacement numbers. Tbe 
dimensional formula is therefore FL or MLT~*. 

The work done by the force either produces a change in the velocity of the body 
or a change of shape or configuration of the body, or both. In the first case it 
produces a change of kinetic energy, in the second a change of potential energy. 
The dimension formulae of energy and work, representing quantities of the same 
kind, are identical, and the conversion factor for both is ml^f^ 

24. Resilience. — This is the work done per unit volume of a body in distort- 
ing it to the elastic limit or in producing rupture. The dimension formula is there 
fore ML*T"'L~* 01 ML~^T~*, and the conversion factor ml~^t~\ 

25. Povrer, or Activity. — Power — or, as it is now very commonly called, ac- 
tivity — is defined as the time rate of doing work, or if W represent work and P power 

P = -^. The dimensional formula is therefore WT~^ or ML*r^, and the coih 
dt 

version factor mPt'\ or for problems in gravitation units more conveniently _/35r\ 

where/ stands for the force factor. 

Examples, (a) Find the number of gram centimeters in one foot pound. 

Here the units of force are the attraction of the earth on the pound * and 
the gram of matter, and the conversion factor isyf, where / is 453.59 and /is 
30.48. 

Hence the number is 453.59 X 30.48 = 13825. 

(d) Find the number of foot poundals in i 000 000 centimeter dynes. 

Here m = i/4S3-S9» ^= 1/30-48, and / = i ; .*. m/^f* = i/4S3-S9 X 30-48*1 
and io^mPr-^=z 107453.59 X 30-48'= 2.373. 

(c) If gravity produces an acceleration of 32.2 feet per second per second, how 
many watts are required to make one horse-power ? 

One horse-power is 550 foot pounds per second, or 550X32.2 = 17710 foot 
poundals per second. One watt is 10^ ergs per second, that is, 10^ dyne centi- 
meters per second. The conversion factor is w/*/^, where w = 453.59, 7=30.48, 
and /= I, and the result has to be divided by xo\ the number of dyne centime 
ters per second in the watt. 

Hence, 17710 mPry 10^ = 17710 X 453-59 X 30.48710'= 746.3. 

(//) How many gram centimeters per second correspond to 33000 foot pounds 
per minute ? 

The conversion factor suitable for this case is Jlt\ where /is 453.59, /is 30.48, 
and / is 60. 

Hence, 33000 7/"^=: 33000 X 453-59 X 30.48/60=: 7 604 000 nearly. 

* It is important to remember that in problems like that here given the term " pound " 01 
" gram " refers to force and not to mass. 



INTRODUCTION. XXV 



HEAT UNITS. 

!• If heat be measured in dynamical units its dimensions are the same as those 
of energy, namely ML*r~^ The most common measurements, however, are 
made in thermal units, that is, in terms of the amount of heat required to raise 
the temperature of unit mass of water one degree of temperature at some stated 
temperature. This method of measurement involves the unit of mass and some 
unit of temperature ; and hence, if we denote temperature-numbers by ® and their 
conversion factors by 0, the dimensional formula and conversion factor for quan- 
tity of heat will be M0 and mO respectively. The relative amount of heat com- 
pared with water as standard substance required to raise unit mass of different 
substances one degree in temperature is called their specific heat, and is a simple 
number. 

Unit volume is sometimes used instead of unit mass in the measurement of 
heat, the units being then called thermometric units. The dimensional formula 
is in that case changed by the substitution of volume for mass, and becomes U&, 
and hence the conversion factor is to be calculated from the formula PO, 

For other physical quantities involving heat we have : — 



a. Coefficient of Expansion. — The coefficient of expansion of a substance 
is equal to the ratio of the change of length per unit length -(linear), or change 
of volume per unit volume (voluminal) to the change of temperature. These 
ratios are simple numbers, and the change of temperature is inversely as the mag- 
nitude of the unit of temperature. Hence the dimensional and conversion-factor 
formuke are &~^ and 0~\ 



3* Conductivity, or Specific Conductance. — This is the quantity of heat 
transmitted per unit of time per unit of surface per unit of temperature gradient. 
The equation for conductivity is therefore, with H as quantity of heat, 

K= H 







and the dimensional formula ^fq^^pff which gives «/"*/"* for conversion factor. 

In thermometric units the formula becomes L'T"^, which properly represents 
diifusivity. In dynamical units H becomes ML*T~*, and the formula changes to 
MLT^"'0^*. The conversion factors obtained from these are Pt^^ and m/f^^ 
respectively. 
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4. Thermal Capacity. — This is the product of the number for mass and 
the specific heat, and hence the dimensional formula and conversion factor aie 
simply M and tn, 

5. Latent Heat. — Latent heat is the ratio of the number representing the 
quantity of heat required to change the state of a body to the number represent- 
ing the quantity of matter in the body. The dimensional formula is therefore 
M©/M or 0, and hence the conversion factor is simply the ratio of the tempent- 
ture units or 0. In dynamical units the factor is /*/7'.* 

6. Joule's Equivalent. — Joule's dynamical equivalent is connected with 
quantity of heat by the equation 

ML»T-«=JHor JMa 

This gives for the dimensional formula of J the expression L*T~^0~^. The conver- 
sion factor is thus represented by Pf^S^K When heat is measured in dynamical 
units J is a simple number. 

7. Entropy. — The entropy of a body is directly proportional to the quantity 
of heat it contains and inversely proportional to its temperature. The dimen- 
sional formula is thus M0/0 or M, and the conversion factor is m. When heat is 
measured in dynamical units the factor is mPf^&'K 

Examples, (a) Find the relation between the British thermal unit, the calorie, 
and the therm. 

Neglecting the variation of the specific heat of water with temperature, or de- 
fining all the units for the same temperature of the standard substance, we have 
the following definitions. The British thermal unit is the quantity of heat required 
to raise the temperature of one pound of water 1° F. The calorie \s the quan- 
tity of heat required to raise the temperature of one kilogramme of water 1° C 
The therm is the quantity of heat required to raise the temperature of one gramme 
of water 1° C. Hence : — 

(i) To find the number of calories in one British thermal unit, we have 

»» = -45359 and ^ = 1; .-. w^ = . 45359 X 5/9 = -25 '99- 

(2) To find the number of therms in one calorie, m=iooo and 0=z; 
,*. »i^=iooo. 

It follows at once that the number of therms in one British thermal unit is 
1000 X .25199 = 251.99. 

(b) What is the relation between the foot grain second Fahrenheit-degree and 
the centimetre gramme second Centigrade-degree units of conductivity ? 

The number of the latter units in one of the former is given by the for- 

* It will be noticed that when 8 is given the dimension formula LH*^* the formalae in thermal 
and dynamical units are always identical. The thermometric units practically suppress mass. 
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mula mt'^f^SP^ where m = . 064 799, /= 30.48, and /= i* and is therefore = 
.064799/30.48 = 2.126 X io~*. 

(c) Find the relation between the units stated in (b) for emissivity. 

In this case the conversion formula is mt'*f\ where mi and / have the 
same value as before. Hence the number of the latter units in the former is 
0.064 799/30.48" = 6.975 X 10-*. 

(d) Find the number of centimeter gram second units in the inch grain 
hour unit of emissivity. 

Here the formula is mi~^r'\ where m = 0.064 799, ^=2.54, and / = 36oo. 
Therefore the required number is 0.064799/2.54* X 3600 =: 2.790 X io~*. 

(^) If Joule's equivalent be 776 foot pounds per pound of water per degree 
Fahrenheit, what will be its value in gravitation units when the metre, the 
kilogramme, and the degree Centigrade are units ? 

The conversion factor in this case is ,^t or Z^*, where / = .3048 and 
^ = 1.8; .-. 776 X .3048 X 1.8=425.7. 

(/) If Joule's equivalent be 24832 foot potmdals when the degree Fahren- 
heit is unit of temperature, what will be its value when kilogram meter second 
and degree-Centigrade units are used ? 

The conversion factor is /T^^*, where /= .3048, / = i, and 6r^ = 1.8 ; 

.-. 24832 X Pr'e-'^ = 24832 X .3048* X 1.8 = 4152.5. 

In gravitation units this would give 4152. 5/ 9.81 = 423.3. 



ELECTRIC AND MAGNETIC UNITS. 

There are two systems of these units, the electrostatic and the electromagnetic 
systems, which differ from each other because of the different fundamental suppo- 
sitions on which they are based. In the electrostatic system the repulsive force 
between two quantities of static electricity is made the basis. This connects force, 

quantity of electricity, and length by the equation /= a ^,where / is force, a a 

quantity depending on the units employed and on the nature of the medium, g and 
ff quantities of electricity, and / the distance between g and ^y. The magnitude of 
the force / for any particular values of ^, ^y and / depends on a property of the 
medium across which the force takes place called its inductive capacity. The in- 
ductive capacity of air has generally been assumed as unity, and the inductive 
capacity of other media expressed as a number representing the ratio of the induc- 
tive capacity of the medium to that of air. These numbers are known as the spe- 
cific inductive capacities of the media. According to the ordinary assumption, 
then, of air as the standard medium, we obtain unit quantity of electricity when 
in the above equation ^ = ^/, andy^ a, and / are each unity. A formal definition 
is given below. 
In the electromagnetic system the repulsion between two magnetic poles or 
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quantities of magnetism is taken as the basis. In this system the quantities fonx^ 
quantity of magnetism, and length are connected by an equation of the form 

/pitni 

where m and m^ are in this case quantities of magnetism, and the other symbols 
have the same meaning as before. In this case it has been usual to assume the 
magnetic inductive capacity of air to be unity, and to express the magnetic induc- 
tive capacity of other media as a simple number representing the ratio of the in- 
ductive capacity of the medium to that of air. These numbers, by analogy with 
specific inductive capacity for electricity, might be called specific inductive capao* 
ities for magnetism. They are usually called permeabilities. {Vid£ Thomson, 
" Papers on Electrostatics and Magnetism," p. 484.) In this case, also, like that 
for electricity, the unit quantity of magnetism is obtained by making m = m^, and 
f^ tf, and / each unity. 

In both these cases the intrinsic inductive capacity of the standard medium is 
suppressed, and hence also that of all other media. Whether this be done or not, 
direct experiment has to be resorted to for the determination of the absolute val- i 
ues of the units and the relations of the units in the one system to those in the 
other. The character of this relation can be directly inferred from the dimen- 
sional formulae of the different quantities, but these can give no information as to 
the relative absolute values of the units in the two systems. Prof. Riicker has 
suggested (Phil. Mag. vol. 27) the advisability of at least indicating the exist- , 
ence of the suppressed properties by putting symbols for them in the dimensional 
formulae. This has the advantage of showing how the magnitudes of the different 
units would be affected by a change in the standard medium, or by making the J 
standard medium different for the two systems. In accordance with this idea, the ^ 
symbols K and P have been introduced into the formulae given below to represent 
inductive capacity in the electrostatic and the electromagnetic systems respectively. 
In the conversion formulae k and/ are the ordinary specific inductive capacities 
and permeabilities of the media when air is taken as the standard, or generally 
those with reference to the first medium taken as standard. The ordinary for- 
mulae may be obtained by putting K and P equal to unity. 



ELECTROSTATIC UNITS. 

I. Quantity of Electricity. — The unit quantity of electricity is defined as 
that quantity which if concentrated at a point and placed at unit distance from an 
equal and similarly concentrated quantity repels it, or is repelled by it, with unit 
force. The medium or dielectric is usually taken as air, and the other units in zxr 
cordance with the centimeter gram second system. 

In this case we have the force of repulsion proportional directly to the square 
of the quantity of electricity and inversely to the square of the distance betweem 
the quantities and to the inductive capacity. The dimensional formula is ther^ 
fore the same as that for [force X length* X inductive capacity]* or M*UT-*J 
and the conversion factor is w*/*/"*^. 
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2. Electric Surface Density and Electric Displacement. — The density 
^£ an electric distribution at any point on a surface is measured by the quantity 
»er unit of area, and the electric displacement at any point in a dielectric is mea- 
ured by the quantity displaced per unit of area. These quantities have therefore 
lie same dimensional formula, namely, the ratio of the formulae for quantity of 
electricity and for area or M*L"^T"^K*, and the conversion factor m^t^f^^. 

3. Electric Force at a Point, or Intensity of Electric Field. — This is 
neasured by the ratio of the magnitude of the force on a quantity of electricity at 
L point to the magnitude of the quantity of electricity. The dimensional formula 
s therefore the ratio of the formulae for force and electric quantity, or 

Rrhich gives the conversion factor /«*/"*/~^>^~*. 

4. Electric Potential and Electromotive Force. — Change of potential 
is proportional to the work done per unit of electricity in producing the change. 
rhe dimensional formula is therefore the ratio of the formulae for work and elec- 
tric quantity, or 

which gives the conversion factor m^fit~^k~^. 

5. Capacity of a Conductor. — The capacity of an insulated conductor is 
proportional to the ratio of the numbers representing the quantity of electricity in 
a charge and the potential of the charge. The dimensional formula is thus the 
ratio of the two formulae for electric quantity and potential, or 

which gives Ik for conversion factor. When K is taken as unity, as in the ordinary 
units, the capacity of an insulated conductor is simply a length. 

6. Specific Inductive Capacity. — This is the ratio of the inductive cap?c- 
ity of the substance to that of a standard substance, and hence the dimensional 
formula is K/K or !.♦ 

7. Electric Current. — Current is quantity flowing past a point per unit of 
time. The dimensional formula is thus the ratio of the formulae for electric quan- 
tity and for time, or 

M*U»T~*K* 

^^ ^ = M»L»T-«K», 

and the conversion factor »i*/*/~*^. 

• According to the ordinary definition referred to air as standard medium, the specific inductive 
capacity of a substance is K« or is identical in dimensions with what is here taken as inductive ca- 
pacity. Hence in that case the conversion factor must be taken as 1 on the electrostatic and as 
^*i' on the electromagnetic system. 
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8. Conductivity, or Specific * Conductance. — This, like the corre^xxidiiig 

term for heat, is quantity per unit area per unit potential gradient per unit of 
The dimensional formula is therefore 

M*L*T7*K»_ _ ^ij^ ^j. electric quantity 



T gM^L^l^^K" *^ ' area X potential gradient X time 

The conversion factor is /"*i. 

9. Specific * Resistance. — This is the reciprocal of conductivity as above 
defined, and hence the dimensional formula and conversion factor are respec* 
tively TK-i and tk^K 

10. Conductance. — The conductance of any part of an electric circuit, not 
containing a source of electromotive force, is the ratio of the numbers represent- 
ing the current flowing through it and the difference of potential between its endsw 
The dimensional formula is thus the ratio of the formulae for current and poten- 
tial, or 

from which we get the conversion factor if^k. 

1 1 . Resistance. — This is the reciprocal of conductance, and therefore the 
dimensional formula and the conversion factor are respectively Iy"'TK~* and 



EXAMPLES OF CONVERSION IN ELECTROSTATIC UNITS. 

(a) Pind the factor for converting quantity of electricity expressed in foot grain 
second units to the same expressed in c. g. s. units. 

By (i) the formula is m^flt'^J^^ in which in this case m = 0.0648, /= 30.48, / = 
I, and ^ = I ; .*. the factor is 0.0648* X 30.48* = 4.2836. 

{b) Find the factor required to convert electric potential from millimeter milli- 
gram second units to c. g. s. units. 

By (4) the formula is m^Pt~^kr^^ and in this case m = o.ooi, /=o.i, /= i, and 
^=1; .'. the factor = 0.001* X 0.1* = 0.01. 

(r) Find the factor required to convert from foot grain second and specific in- 
ductive capacity 6 units to c. g. s. units. 

By (5) the formula is ik^ and in this case 7=30.48 and /& = 6; .'. the factor 
= 30.48 X 6 = 182.88. 

* The term " specific^** as used here and in 9, refers conductance and resistance to that betweeo 
the ends of a bar of unit section and unit length, and hence is different from the same term in 
specific heat, specific inductivity, capacity, etc., which refer to a standard substance. 
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ELECTROMAGNETIC UNITS. 

As stated above, these units bear the same relation to unit quantity of magne- 
tism that the electric units do to quantity of electricity. Thus, when inductive 
capacity is suppressed, the dimensional formula for magnetic quantity on this sys- 
tem is the same as that for electric quantity on the electrostatic system. All quan- 
tities in this system which only differ from corresponding quantities defined above 
by the substitution of magnetic for electric quantity may have their dimensional 
lonnulae derived from those of the corresponding quantity by substituting P 
for K. 

1. Magnetic Pole, or Quantity of Magnetism. — Two unit quantities of 
magnetism concentrated at points unit distance apart repel each other with unit 
force. The dimensional formula is thus the same as for [force X length* X in- 
ductive capacity]' or M*L*T~*P*, and the conversion factor is «*/■/"*/*. 

2. Density of Surface Distribution of Magnetism. — This is measured 
by quantity of magnetism per unit area, and the dimension formula is therefore 
the ratio of the expressions for magnetic quantity and for area, or M*L"*T~*P*, 
which gives the conversion factor »»*^*/"*/*. 

3. Magnetic Force at a Point, or Intensity of Magnetic Field. — The 
number for this is the ratio of the numbers representing the magnitudes of the 
force on a magnetic pole placed at the point and the magnitude of the magnetic 
pole. 

The dimensional formula is therefore the ratio of the expressions for force and 
magnetic quantity, or 

M*L»T-ip* ^ ^' 

and the conversion factor m^t^t^^f^. 

4. Magnetic Potential. — The magnetic potential at a point is measured by 
the work which is required to bring unit quantity of positive magnetism from zero 
potential to the point The dimensional formula is thus the ratio of the formula 
for work and magnetic quantity, or 

ML*T"* M*L*T-^P-* 
M*L»T-*P» ' 

which gives the conversion factor tt^ft~^p~^. 

5. Magnetic Moment. — This is the product of the numbers for pole 
strength and length of a magnet. The dimensional formula is therefore the pro- 
duct of the formulae for magnetic quantity and length, or M*L*T^^P*, and the con- 
version factor «»/•/-*/*. 

6. Intensity of Magnetization. — The intensity of magnetization of any por- 
tion of a magnetized body is the ratio of the numbers representing the magni- 
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tude of the magnetic moment of that portion and its volume. The dimension 
formula is therefore the ratio of the formulae for magnetic moment and volume,* 

The conversion factor is therefore m^t^f^f^, 

7. Magnetic Permeability »* or Specific Magnetic Inductive Capacit 
— This is the analogue in magnetism to specific inductive capacity in electxicit 
It is the ratio of the magnetic induction in the substance to the magnetic indu 
tion in the field which produces the magnetization, and therefore its dimeusioa 
formula and conversion factor are unity. 

8. Magnetic Susceptibility. — This is the ratio of the numbers which repr 
sent the values of the intensity of magnetization produced and the intensity of tl 
magnetic field producing it. The dimensional formula is therefore the ratio i 
the formulae for intensity of magnetization and magnetic field or 

M»L-*T-»P» 



M*L-*T"*P-^ 



or P. 



The conversion factor is therefore /, and both the dimensional formula and con 
version factor are unity in the ordinary system. 

9. Current Strength. — A current of strength c flowing round a circle 
radius r produces a magnetic field at the centre of intensity 27r<r/r. The dimen 
sional formula is therefore the product of the formulae for magnetic field intensit] 
and length, or M^L*T~*P~*, which gives the conversion factor «j*/^/~^~*. 

10. Current Density, or Strength of Current at a Point. — This is tb( 
ratio of the numbers for current strength and area. The dimensional formuh 
and the conversion factor are therefore M*L~*T~*P~^ and w*/~'r"*/"^. 

11. Quantity of Electricity. — This is the product of the numbers for cur- 
rent and time. The dimensional formula is therefore M*L*T-*P-* X T= M^L^P"*, 
and the conversion factor «r*/*/~*. 

12. Electric Potential, or Electromotive Force. — As in the electrostat& 
system, this is the ratio of the numbers for work and quantity of electricity. The 
dimensional formula is therefore 






and the conversion factor w*/*/"^*. 

* Permeability, as ordinarily taken with the standard medium as unity, has the same dimen^oo 
formula and conversion factor as that which is here taken as magnetic inductive capacity. Hence 
for ordinary transformations the conversion factor should be taken as i in the electromagnetic and 
i^fi in the electrostatic systems. 
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13. Electrostatic Capacity. — This is the ratio of the numbers for quantity 
t electricity and difference of potential. The dimensional formula is therefore 

od the conversion factor /"*/^"*. 

i4« Resistance of a Conductor. — The resistance of a conductor or elec- 
x>de is the ratio of the numbers for difference of potential between its ends and 
le constant current it is capable of producing. The dimensional formula is 
lerefore the ratio of those for potential and current or 

M»L*T-^P-»"' 

rhe conversion factor thus becomes //~^, and in the ordinary system resistance 
las the same conversion factor as velocity. 

15. Conductance. — This is the reciprocal of resistance, and hence the dimen- 
donal formula and conversion factor are respectively L"*^TP~^ and t~^tjr\ 

x6. Conductivity, or Specific Conductance. — This is quantity of electric- 
ity transmitted per unit of area per unit of potential gradient per unit of time. 
rhe dimensional formula is therefore derived from those of the quantities men- 
tioned as follows : — 

^ L ^ 

The conversion factor is therefore t'^tp~'\ 

17. Specific Resistance. — This is the reciprocal of conductivity as defined 
in 16, and hence the dimensional formula and conversion factor are respectively 
LT^*P and l^f^p. 

18. Coefficient of Self-induction, or Inductance, or Electro-kinetic In- 
ertia. — These are for any circuit the electromotive force produced in it by unit 
rate of variation of the current through it. The dimensional formula is therefore 
the product of the formulae for electromotive force and time divided by that for 
current or 

M»L«T-«P> 



M*L*T-*P-* 



X T = LP. 



The conversion factor is therefore ip^ and in the ordinary system is the same as 
that for length. 

19. Coefficient of Mutual Induction. — The mutual induction of two cir- 
cuits is the electromotive force produced in one per unit rate of variation of the 
current in the other. The dimensional formula and the conversion factor art 
therefore the same as those for self-induction. 
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20. Electro-kinetic Momentum. — The number for this is the products 
the numbers for current and for electro-kinetic inertia. The dimensional formob 
is therefore the product of the formulas for these quantities, or M*L*T"*P~* X LF 
= M»L*T-^P*, and the conversion factor is wV'ry. 

21. Electromotive Force at a Point. — The number for this quantity is 
the ratio of the numbers for electric potential or electromotive force as given in 
12, and for length. The dimensional formula is therefore M*L*T^P*y and the 
conversion factor m^fif^, 

22. Vector Potential. — This is time integral of electromotive force at a 
point, or the electro-kinetic momentum at a point. The dimensional formula 
may therefore be derived from 21 by multiplying by T, or from 20 by dividii^ 
by L. It is therefore M*L*T"^P*, and the conversion factor m^fir^p^, 

23. Thermoelectric Height. — This is measured by the ratio of the num- 
bers for electromotive force and for temperature. The dimensional formula is 
therefore the ratio of the formulae for these two quantities, or M*L'T^P*0~\ and 
the conversion factor ^•/•/"^*6"'\ 

24. Specific Heat of Electricity. — This quantity is measured in the same 
way as 23, and hence has the same formulae. 

25. Coefficient of Peltier Effect. — This is measured by the ratio of the 
numbers for quantity of heat and for quantity of electricity. The dimensional 
formula is therefore 

and the conversion factor w*/^/*^. 



EXAMPLES OF CONVERSION IN ELECTROMAGNETIC UNITS. 

(a) Find the factor required to convert intensity of magnetic field from foot 
grain minute units to c. g. s. units. 

By (3) the formula is «*/^r~^"^, and in this case m = 0.0648, / = 30.48, / = 
60, and/ = z ; .*. the factors = 0.0648* X 30.48"* X 6o~^= 0.00076847. 

Similarly to convert from foot grain second units to c. g. s. units the factor is 
0.0648* X 30.48"* = 0.046 108. 

(b) How many c. g. s. units of magnetic moment make one foot grain second 
unit of the same quantity ? 

By (5) the formula is w*/'/"^*, and the values for this problem are m = 0.064S, 
/= 30.48, /= I, and/ = I ; .'• the number = 0.0648* X 30.48'= 1305.6. 

(c) If the intensity of magnetization of a steel bar be 700 in c. g. s. imits, what 
will it be in millimeter milligram second units ? 
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By (6) the formula is m^fif^Jt^^ and in this case m = looo, /= lo, / = i, and 
> = I ; .*. the intensity = 700 X 1000* X *o* = 70000. 

(d) Find the factor required to convert current strength from c. g. s. units to 
Axth quadrant lo"^ gram and second units. 

By (9) the formula is n^fif^p'^^ and the values of these quantities are here m = 
o**, /= io~*, /= I, and/ = i ; /. the factor = loH x io""8= 10. 

(/) Find the factor required to convert resistance expressed in c. g. s. units into 
he same expressed in earth-quadrant io~^ gram and second units. 

By (14) the formula is lt~^p^ and for this case /= 10"*, ^ = i, and / = x ; 
•. the factor = io~*. 

(y) Find the factor required to convert electromotive force from earth-quadrant 
[o~^ gram and second units to c. g. s. units. 

By (12) the formula is m^flf^^ and for this case m = lo"", /= lo*, tz=^ i^ 
md/ = I ; .-. the factor = 10'. 



THE INTERNATIONAL ELECTRICAL UNITS. 

The units used in practical measurements are the international units, which 
were derived from the electromagnetic units. The international units are defined 
in terms of certain concrete standards. The fundamental units upon which they 
are based are those adopted by the International Conference on Electrical Units 
and Standards at London in 1908, as follows : 

" I. The OHM, the unit of electrical resistance, which has the value of 

I 000 000 000 (10*) in terms of the centimeter and the second ; 
"2. The AMPERE, the unit of electrical current, which has the value of 

one-tenth (o.i) in terms of the centimeter, gram and second ; 
"3, The VOLT, the unit of electromotive force which has the value of 

100 000 000 (10*) in terms of the centimeter, gram and second ; 
" 4. The WATT, the unit of power, which has the value of 10 000 000 (10') in 

terms of the centimeter, gram and second." 
As a system of units representing the above and sufficiently near for the pur- 
pose of electrical measurements, and as a basis for legislation, the conference 
recommended the adoption of the international ohm, the international ampere, 
ihe international volt and the international watt, defined as follows : 

" I. The International Ohm is the resistance ofiFered to an unvarying electric 
current by a column of mercury at the temperature of melting ice, 14.4521 grams 
in mass, of a constant cross-sectional area and of a length of 106.300 centimeters. 
**2. The International Ampere is the unvarying electric current which, when 
passed through a solution of nitrate of silver in water, in accordance with speci- 
fication II attached to these Resolutions, deposits silver at the rate of o.ooi 11800 
of a gram per second. 

"3. The International Volt is the electrical pressure which, when steadily 
applied to a conductor the resistance of which is one international ohm will pro- 
duce a current of one international ampere. 
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'* 4. The IntemationcU Watt is the energy expended per second by an unvaiy 
ing electric current of one international ampere under the pressure of one inttf 
national volt." 

In accordance with these definitions, a value was established for the eh 
motive force of the recognized standard of electromotive force, the Weston noi 
cell, as the result of international cooperative experiments in 19 10. The value 
1.0183 international volts at 20^ C. 

The definitions by the 1908 International Conference supersede certain defii 
tions adopted by the International Electrical Congress at Chicago in 1893. 
tain of the units retain their Chicago definitions, however. They are as follows: 
'' Coulomb. As a unit of quantity, the International Coulomb^ which is the qi 
tity of electricity transferred by a current of one international ampere in 
second. 
" Farad. As a unit of capacity, the International Farad, which is the capac 
of a condensor, charged to be a potential of one international volt by 
international coulomb of electricity. 
" youle. As a unit of work, the youle, which is equal to 10'' units of work in 
c.g.s. system, and which is represented sufficiently well for practical use 
the energy expended in one second by an international ampere in an lot 
national ohm. 
•* Henry. As the unit of induction, the Henry, which is the induction in a 
cuit when the electromotive force induced in this circuit is one intematioi 
volt, while the inducing current varies at the rate of one ampere per second^ 
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Table 1. 
FUNDAMENTAL AND DERIVED UNITS. 



To change a quantity from one system of units to another : substitute in the correspond- 
mg conversion factor from the following table the ratio of the magnitudes of the old units 
to the new and multiply the old quantity by the resulting number. For example : to reduce 
velocity in miles per hour to feet per second, the conversion factor is lt-^\ l=^^3Bo/i^ 
/— 3600/1, therefore the factor— S2&/3600— 1.467. 

{a) Fundamental Units. 


Name of Unit. 


Symbol. 


Conversion Factor. 


Length. 

Mass. 

Time. 

Temperature. 

Electric Inductive Capacity. 

Magnetic Inductive Capacity. 


L 
M 

T 

K 
P 


/ 

m 

t 

e 
k 

p 


(Jf) Derived Units, 
/. Geometric and Dynamic Units. 


Name of Unit 


Conversion Factor. 


Area. 
Volume. 
Angle. 
Solid Angle, 
Curvature. 
Tortuosity. 

Specific curvature of a surface. 
Angular velocity. 
Angular acceleration. 
Linear velocity. 
Linear acceleration. 
Density. 

Moment of inertia. 

Intensity of attraction, or "force at a point." 
Absolute force of a centre of attraction, or " strength ) 
of a centre." j 
Momentum. 

Moment of momentum, or angular momentum. 
Force. 

Moment of a couple, or torque. 
Intensity of stress. 
Modulus of elasticity. 
Work and energy. 
Resilience. 
Power or activity. 


/• 

I 

/-» 

/-* 

/-• 

/-» 

/-» 

//-« 

//-• 

ml-* 

ml* 

It-^ 

l*t^ 

mlt-^ 
ml*t^ 
mlt-* 
ml*t-* 
m /-' /-» 
m /-» t-* 
ml't-* 
m /-' /-* 
mPt-* 
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Table 1 • 
FUNDAMENTAL AND DERIVED UNITS. 



//. Heat Units. 



Name of Unit. 



Quantity of heat ^thermal units). 

** " rthermometric units). 

" " (dynamical units). 

Coefficient of thermal expansion. 
Conductivity (thermal units). 

** ?thermometric units), or diffusivity. 

" (dynamical units). 

Thermal capacity. 
Latent heat ^thermal units). 

" " (dynamical units). 
Joule's eauivalent. 
Entropy uieat measured in thermal units). 

" ( " " " d3mamical units). 



Conyersion Factor. 


M0 


/*e 


mJ*/-* 


e^ 


m /-» /-> 


/»/-» 


mit^e^ 


m 


e 


/»/-« 


nt-'e 


m 


mPt-*6 



III. Magnetic and Electric Units. 



Name of Unit 



Conversion factor 
for electrostatic 
system. 



} 
I 



Magnetic pole, or quantity of mag- 
netism. 

Density of surface distribution of 
magnetism. 

Intensity of magnetic field. 

Magnetic potential. 

Magnetic moment. 

Intensity of magnetisation. 

Magnetic permeability. 

Magnetic susceptibility and mag-| 
netic inductive capacity. \ 

Quantity of electricity. 

Electric surface density and electric ) 



displacement. 
Intensity of electric field. 
Electric potential and e. m. f. 
Capacity of a condenser. 
Inductive capacity. 
Speciiic inductive capacity. 
Electric current. 



; 



w» /-• k-^ 

«» /« k-^ 
I 

iw* r» r» k"^ 

Ik 
k 



Conversion factor 
for electromag- 
netic system. 



m^l-^t-^P'^ 
m^^t-^p-^ 

m^l-^r'p^ 

I 
P 

«» ^i/-» 

«* /* rv* 
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Table 1. 
FUNDAMENTAL AND DERIVED UNITS. 



///. Maf^etic and Ehdric Units (amtinuei). 


Name of Unit 


Conversion factor 
for electrostatic 
system. 


Convernon factor 
for electrcnnag- 
netic system. 


Conductivity. 

Specific resistance. 

Conductance. 

Resistance. 

Coefficient of self induction and) 

coefficient of mutual induction. ) 
Electrokinetic momentum. 
Electromotive force at a point 
Vector potential. 
Thermoelectric height and specific) 

heat of electricity. j 
Coefficient of Peltier effect. 


tk-^ 


nr^p 
f^ tp-^ 
ir^p 

ip 
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Table 2. 
TABLES FOR CONVERTING U. 8. WEIGHTS AND MEASURES.* 

(1) CUSTOMARY TO METRIC. 



LINEAR. 


CAPACITY. 

1 


Inches 

to 

BttUimeten. 


Feet to 
meters. 


Yards to 
meters. 


Miles 

to 

kilometers. 


I 

2 

3 
4 
5 
6 

7 
8 

9 


Fluid 

drams to 

milliliters 

or cubic 

centimeters. 


Fluid 

ounces 

to 

milliliters. 


Liquid 

quarts to 

liters. 


Gallons to 
liters. 


1 25.4001 

2 50.8001 

3 76.2002 

4 101.6002 

5 i27xxx)3- 

6 1524003 

7 177.8004 
S 201.2004 
9 228.6005 


0.304801 

a6o96oi 
0.914402 

1. 2 1 9202 

1.524003 

1.828804 
2.131604 

2.438405 
2.743205 


0.914402 
1.828804 
2.743205 
3.657607 
4.572009 

^4864 I I 
6.400813 

7.315215 
8.229616 


1.60935 
3.21869 
4.82804 

6.43739 
8.04674 

965608 
11.26547 
12.87475 
14.48412 


3-70 

7.39 
11.09 

14-79 
18.48 

22.18 
25.88 

29-57 
3327 


29-57 

59.15 
88.72 

118.29 
147.87 

177-44 
207.01 

2^!l6 


0.94633 
1 .89267 

2.83900 

3-78533 
473167 

5.67800 
6.62433 
7.57066 
8,51700 


3'7^S33 
7.57066 

11.35600 

115.14137 

18.92606 

22.71199 

2649733 
30.28266 

34.06799 




squa: 


RE. 




WEIGHT. 


Square 

incfies to 

•quare cen- 

timetera. 


Square feet 

to square 

decuneters. 


Square 

yards to 

square 

meters. 


Acres to 
hectares. 




Grains to 
milligrams. 


Avoirdu- 
pois ounces 
to grams. 


Avoirdu- 
pois pounds 
to kilo- 
grams. 


Troy 

ounces to 

grams. 


*! 6452 
2 12.903 

3 »9355 

4 25.807 

5 32258 

6 38.710 

7 45-161 

8 5»-6i3 

9 58-065 


27.871 
37.161 
46452 

55-742 
65.032 

74.323 
83613 


0.836 
1.672 
2.508 

3-345 
4.181 

5.017 
7.525 


0.4047 
0.8094 
I.2141 
I.6187 
2.0234 

2.4281 
2.8328 

3-2375 
3.6422 


I 
2 

3 
4 
5 
6 

7 
8 

9 


64.7989 
129.5978 
194-3968 
259.1957 
323-9946 

388.7935 
453.5924 
518.3913 
583-1903 


28.5495 
156.6991 

85.0486 

1 13.3981 

141.7476 

170.0972 
198.4467 
226.7962 

255.1457 


0-45359 
0.90718 

1.36078 

I.8I437 

2.26796 

2.72155 
3-17515 

3.62874 
4.08233 


31.10348 
02.20696 

93-3' 044 

124.41392 
155-51740 

186.62088 

217.72437 
248.82785 

279-93133 




CUBI 


c. 




I Guntcr's chain = 
I sq. statute mile = 
I fathom = 


20.1168 meters. 

259.000 hectares. 

1.829 meters. 


Cubic 
tBches to 
cubic cezi' 


Cnbkfeet 
to cubic 
nietesB* 


Cubic 
yards to 

cubic 
meters. 


Bushels to 
hectoliters. 


1 16.387 

2 32-774 

3 49-161 

4 65.549 

5 81.936 

6 98-323 

7 1 14-710 

8 131-097 

9 147.484 


ao2872 
0.05663 
0-08495 
0.1 1327 

0.14159 

0.16990 
a 19822 
0.226C4 
0.25485 


0.765 
1.529 
2.294 
3.058 
3823 

4.587 

O.I 16 
6.881 


035239 1 
0.70479 

I.05718 

1.40957 
I.76196 1 

2.1 1436 
2.46675 

2.8 1 91 4 

3'^7'iS4 


] 


I nautical 

I foot 

I avoir, po 

1 5432.35639 


mile = 

nnd = 
grains = 


'853-25 
0.304801 

453.592427 
i.ooo k 


meters. 

meter. 

7 grams. 

ilogram. 



According to an executive order dated April 15, 1893, the United States yard is defined as 3600/3937 meter, and 
i avtrntlopois pound as 1/3.10463 kilogram. 

f meter (international prototype) = 1S53164.13 times the wave-length of the red Cd. line. Benoit, Fabry and 
rot. C. R. 144* 1907 differs only in the decimal portion from the measure of M ichelson and Benoit 14 ]rears earlier. 

The lenfcth of the nautical mile given above and adopted by the U.S. Coast and Geodetic Survev many years ago, 
lefirwtl a« that of a minute of arc of a great circle of a sphere whose surface equals that of the eartn (Clarke's Sphe- 
i of 1866). 

* Quoted from sheets issued by the United States Bureau of Standards. 



■TH 



IAN TASLBS. 



Table 2 {comHnutd). 
TABLES FOR CONVERTING U. 8. WEIGHTS AND MEASURES. 

(2) METRIC TO CUSTOMARY. 



LINEAR. 


CAPACITY. f 


I 

2 

3 
4 
5 
6 

I 

9 


Meters to 
inches. 


Meters to 

feet. 


Meters to 
yards. 


Kflometers 
to miles. 




MUUU- 
terscMT 
cubic cen- 
timeters 
to fluid 
drams. 


Centi- 
liters to 

fluid 
ounces. 


Liters 

to 
quarts. 


Deca- 

Uters 

to 
gaUooa. 


Hccii.| 


39-370O 

78.7400 

I18.IIOO 

157.4800 

196.8500 

236.2200 
275-5900 
314.9600 
354-3300 


3.28083 
6.56167 
9.84250 

'3- '2333 
16.40417 

19.68500 
22.96583 
26.24667 
29.52750 


I.OQ3611 
2.157222 
3.280833 

4-374444 
5.468056 

6.561667 
7.655278 
8.748889 
9.842500 


0.62137 
1.24274 
I.86411 
248548 

3.IO&5 

3.72822 

4-34959 
4.97096 

559233 


I 

2 

3 
4 
5 
6 

7 
8 

9 


0.27 

0.54 
0.81 
1.08 

1-35 
1.62 

2.16 
2.43 


0.676 
1. 01 4 

1-353 
1. 691 

2.029 

2.367 
2.705 

3.043 


1.0567 

2.II34 
3.17OI 

4.2268 

5.2836 

6.3403 
7.3970 

84537 
9.5104 


2.6418 
S.536 

7.9253 
10.5671 

13.2089 

15-8507 

184924 
21.1342 

23-7760 


1 


SQUARE. 


WEIGHT. J 


2 

3 
4 
5 
6 

7 
8 

9 


S<iuare 

centimeters 

to square 

inches. 


Square 

meters to 

square 

feet. 


Square 

meters to 

square 

yards. 


Hectares 
to acres. 


7 

2 

3 

4 
5 

6 

I 

9 


MilU- 

grams to 

grains. 


Kilo- 

gramAto 

grains. 


Hecto- 
grams to 
ounces 
aToirdupois. i 


Kilo. 

grams to 
pomds 


0.1550 
0.3100 
0.4650 
0.6200 
0.7750 

0.9; 00 
1.0850 
1.2400 
1-3950 


10.764 
21.528 
32.292 

43055 
53.819 

64.583 

86.1 1 1 
96.875 


1. 196 
2.392 

4.*784 
5.980 

7.176 

8.372 

9.568 

10.764 


2.471 
4.942 

9.884 

1235s 

14.826 

*7-297 
19.768 

22.239 


0.01543 
0.03080 
0.04630 
0.06173 

ox)77io 

0.09259 
0.10803 
0.12346 
0.13889 


15432.36 
30864.71 

46297.07 
6172943 

77161.78 

92594.14 
108026.49 
123458.85 
138891.21 


3-5274 
7.0548 

10.5822 

14.1096 

17.6370 

21.1644 
24.6918 
28.2192 
31.7466 


i.204i6> 

m 

II.023II 
JS4g 


CUBIC. 


WEIGHT. 1 


1 

; I 

2 

3 
4 

•5 

i6 

\7 
8 

9 


Cubic 

centimeters 

to cubic 

inches. 


Cubic 

decimeters 

to cubic 

inches. 


Cubic 

meters to 

cubic 

feet. 


Cubic 

meters to 

cubio 

yards. 




Quinuls to 
pounds av. 


MiUiersor 

tonnes to pounds 

av. 


KUogiaaw 

toouaoes 

Trojr. 


0.0610 
0.1220 
O.183I 
0.2441 
0.3051 

0.3661 
0.4272 
0.4882 
0.5492 


61.023 
1 22.047 
183.070 

244094 
305.117 

366.140 
427.164 
488.187 
549.210 


35-314 

70.269 

105.943 
141.258 

176.572 

211.887 
247.201 
282.516 
317.830 


1.308 
2.D16 

3-924 
5.232 
6.540 

7.848 

9.156 

10,464 

II.771 


I 
2 

3 
4 
5 
6 

I 

9 


220.46 
440.92 

1 102.31 

1322.77 

1543.24 
1763.70 

1984.16 


2204.6 

6613.9 

8818.5 

IIO23.I 

13227.7 

J 54324 
17637.0 

19841.6 


32.1507 

128.6^30 
160.7537 

192.9045 
225.0552 

«S7.»S9 
289.3587 



By the concurrent action of the principal eovemments of the world an Intematioiuil Bureau of Wclgidi m 
Measures has been established near Paris. Under the direction of the International Committee, two ingots Wt 
cast of pure platinum-indium in the proportion of q narts of the former to i of the latter metal. Prom one of te 
a certain number of kilograms were prepared, from tne other a definite number of meter bars. Tliesc standaidli 
weight and length were intercompareth without preference, and certain ones were selected as Intematiooal pnM 

Spe standards. The others were distributed by lot, in September, 1889, to the different govemmenta, and are calk 
ational prototype standards. Those apportioned to the United States were received in 1890, and are kipK fli ll 
Bureau of Standards in Washington, I). C. 

The metric system was legalized in the United States in 186A. 

The International Standard Meter is derived from the M^tre des Archives, and its length ia defined hf 4 
distance b<?tween two lines at oP Centigrade, on a platinum-indium bar deposited at the Intematiooal BvMB^ 
Weights and Measures. 

The International Standard Kilojcram is a mass of platinum-iridium deposited at the same place, and its wd^ 
in vacuo is the same as that of the KUo^ram des Archives. 

The liter is equal to the quantity otpure water at 4° C (760 mm. He. pressure) which wdi^ia 1 
f .000027 cu. dm. (Trav. et Mem. Bureau Intern, des P. et M. 14, 19x0, Benoit.) 
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Tabli 3. 

EQUIVALENTS OF METRIC AND BRITISH IMPERIAL WEIGHTS 

AND MEASURES.* 

(1) METRIC TO IMPERIAL 



(For U.S. Weights and Measures, see Table 2.) 



LINEAR MEASURE. 



X mjUimeter (mm.) 

(.001 m.) 
I centimeter (.01 m. 
I decimeter (.1 m) 



X METER (m.) 

I dekameter 

(10 m.) 
t hectometer 

(100 m.) 
I kilometer 

( 1,000 m.) 
I mjriameter 

( 10,000 m.) 

I micron • 



|« 0.03937 Jn. 



0.39370 •• 

3.93701 " 
3701 I 3 " 
280843 ^t. 

09361425 yd»' 

10.93614 *' 



(39- 

] 3. 
( 1.- 



= 109.361425 

s= 0.62137 mile. 

ss 6.21372 miles. 
Bs owooi mm. 



i< 



SQUARE MEASURE. 



t aq. centimeter . 
I so. decimeter 
(loo sq. centm.) 



.s= 0.1550 sq. in. 
J= 15.500 sq. in. 

1 sq. meter or centi- l _. i ' 0.7639 sq. ft. 

are (100 sq. dcm.) ) ( 1.1960 sq. yds. 
t ARE (100 sq. m.) =ss 119.60 sq. yds. 
I hectare (100 area \ 

or lo^ooo aq. m.) J -.i*/** «.*». 



CUBIC MEASURE. 



I coK centimeter 

(cc; (1,000 cttbk 

millimeters) 
t calx decimeter 

(cd.) (1,000 cubic 

centimeters) 

1 CUB. METER 

or stere 
(i»ooo cd 



ao6io cub. in. 



»ic > = 6iJ 



3148 cub. ft. 
307954 cub. yds. 



T 



MEASURE OF CAPACITY. 



I milliliter (ml.) (.001 I ^.^.^ u • 

liter) ^ f = 0.0610 cub. m. 

I centiliter (.01 liter) 

I deciliter (.1 liter) . 
I LITER (1,000 cub. 

centimeters or i 

cub. decimeter) 
I dekaliter (10 liters) 
I hectoliter (100 " ) 
I kiloliter (1,000 ** ) 



f 0.61024 •* 
0.070 gill, 
a 176 pint. 

1.75980 pints. 

2.200 gallona. 
2.75 bushels. 
3437 quarters. 







APOTHECARIES' MEASURE. 

I cubic centi- 

meter (i 

gram w't) 
I cub. millimeter = 001693 niinim. 

AVOIRDUPOIS WEIGHT. 

1 mill^E^m (mgr.) . . sm 0.01543 grain. 
I centigram (.01 gram.) := 0.15432 " 
I decigram (.1 ** ) sss 1.54324 grains. 

I GRAM =15-43236 " 

I dekagram ( 10 gram.) b= 5.64383 drams. 
I hectogram (too " ) s=s 3.52739 oz. 

( 2.2046223 lb - 

I KILOGRAM (l^OOO** )=< 1 5432.3^64 

( grams. 
I myriagram (10 kilog.) SS22.04622 lbs. 
I quintal (100 " ) = i. 96841 cwt. 
I millier or tonne ) ^ ^o... *.^ 

(1,000 kilog.) r • '^ °-9842 ton. 



TROY WEIGHT. 



I GRAM 



C 0.1 
. sssJ O. 

ri5. 



0.03215 oz. Troy. 

^4301 pennyweight 
543236 grains. 



APOTHECARIES* WEIGHT. 



I GRAM 



... 



025721 drachm. 
0.77162 scruple. 
15.43236 grains. 



K<ynL~T1ic Mbtkr is the leacth, at the tempentttre oC oP C, of the platinam-iridivm bar deposited at the 
iMvttaiBonal Bnreaa of WeiKhts andMeasures at Sevres, near Paris, Fnoce. 

The Resent legal eqohraTent of the meter in 39-3701 13 inches, as aboTe stated. 

The RiLOGaAM Is the mass of a platimim-iridium weight deposited at the same place. 

The Lrmi oootalns one kilogrvn weight of distilled water at its maximum density (4^ C), the barometer being 
*7«o wtnimtleis. 

*Ib aeeordance with the s c h edul e adopted nader the Weights and Measarea (metric system) Act, 1897. 
iMmiaoNiAii TASkta* 



g Table 3. 

EQUIVALENTS OF METRIC AND BRITiaH IMPERIAL VITEICl 

AND MEASURES. 



FALI 



(2) METRIC TO IMPERIAL. 


(For U.S. Weights and Measares, s€ 


IfclL- 


UNEAR MEASURE. 


MEASURE OF CAPACITY. \ -\i 


I 
2 

3 

4 
5 

6 

I 

9 


Maiimetm 

to 

inches. 


Melos 

to 
feet. 


Meters 

to 
yvds. 


Kilo, 
metorsto 

miles. 




Utm 

to 
pints. 


Dekalitm 

to 
gsUona. 


HedoliAen ■ 


0.0393701 1 
0.07874023 
0.1 181 1034 

0.1574804s 
0.19685056 

0.23622068 

027559079 
0.31496090 

0.35433102 


328084 
0.56169 

9-»4253 
»3-»2337 
16.40421 

19.68506 
22.96^90 
26.24074 
29.52758 


I.09361 
2.18723 
3.28084 
4-37446 
546807 

6.56169 
7.65530 
8.74891 
9.84253 


0.62137 
1.24274 
I.86412 

2.48549 
3.10686 

3.72823 
4.34960 
4.97097 
5-59235 


I 

2 

3 
4 

5 

6 

I 

9 


1.75980 

3-51961 

5-27941 
7.03921 

8.79902 

ia55882 
12.31862 
14.07842 
15.83823 


2.19975 
4-39951 
6.59926 
8.79902 
10.99877 

13.1^52 
15.39828 

17.59803 
19.79778 


2.74969 

549938 

8.24908 

10.99877 

I3-74S46 

1649815 
19.24785 

21.99754 
2474723 




SQUARE MEASURE. 


V 

WEIGHT (AimnrDuroo). 1 ^ 


I 
2 

3 

4 
5 

6 

I 

9 


Square 

centimeters 

to sauare 

incbes. 


Sqaaie 

meters to 

square 

feet. 


Square 

meters to 

square 

yards. 


Hectares 
to acres. 




MilU- 
grams 

to 
grains. 


Kilograms 
to grains. 


Kilo- 

to 
poaixla. 




0.15500 
0.31000 
0.46500 
0.62000 
0.77500 

0.93000 
1.08500 
1.24000 
1.39501 


'0.76393 
M.52786 

32.29179 
4305572 

53-8'96S 

64.58357 
75-34750 
86.1114} 
96.87536 


I.I9599 
2.30198 
3.58798 
4.78397 
5-97996 

7.17595 
8.37194 

9.56794 
10.76393 


2471 1 
49421 

7'5'32 
9.8842 

12.3553 

14.8263 

17.2974 
19.7685 
22.2395 


I 
2 

3 

4 
5 

6 

i 

9 


0.01543 
0.03086 
0.04630 
0.06173 
0.077x6 

0.09259 
0.10803 
0.12346 
0.13889 


15432.356 

30864.713 
46297.069 

61729.426 

77161.782 

92594.138 
108026.495 

123458.851 
1^891.208 


2.20462 
4.40924 
6.61387 
8.81849 
II.02311 

13.22773 
15-43236 

17.63698 

19.84160 


'*4v 
3-«^ 

>3.7»t 

>5-7# 

I7.7«B 


CUBIC MEASURE. 


CAHIBS' 
MSASURB. 


AvontDUPOxs 
(ami.) 


Tkot Wbgrt. 


ArotJ 




Cubic 

decimeters 

to cubic 

inches. 


Cubic 
meters to 

cubic 
feeU 


Cubic 

meters to 

cubic 

yards. 


Cab. cen- 
timeters 
to fluid 

drachms. 


I 
2 

3 
4 
5 

6 

I 

9 


MillieTs or 

tonnes to 

tons. 


Grams 

Co ounces 
Troy, 


Grams 

to pennyw 
weights. 


to J 


I 

2 

3 
4 
5 

6 

I 

9 


61.02390 
122.04781 
183.07171 
244.09561 
305.11952 

366.14342 
427.16732 
488.19123 

549-21513 


35-3M76 

70.62952 

105.94428 

141.25904 

176.57379 

211.88855 
247.20331 
282. S 1807 
3«7.83283 


1-30795 
2.61 591 

3.92386 

5.23182 

0.53977 

7.84772 

9-15568 

10.46363 

XI.77159 


0.28157 
0.56314 

0.84471 
1. 1 2627 

140784 

I.6894I 
1.97098 
2.25255 
2.534 « 2 


0.98421 
1. 96841 
2.95262 

3.93683 
4.92103 

590524 
6.88944 

2.8578I 


0.03215 

0.06430 
0.09645 
0.12860 
0.16075 

0.19290 
0.22506 
O.2C721 
0.28936 


0.64301 
1.28603 
1.92904 
2.57206 
3.21507 

385809 
4.50110 
5.14412 

5.787*3 


1-5434 
2-3144 

4.6297rl 
6.94458 j 
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Table 3. 

^UIVALENTS OF BRITISH IMPERIAL AND METRIC WEIGHTS 

AND MEASURES. 

PERIAL TO METRIC. (For U.S. Weights and Measures, see Table 2.) 



LINEAR MEASURE. 



^1 



{25.400 milli- 
meters. 
(12 in.) . .= a3048o meter. 

= <X9I4399 " 
= 5.0292 meters. 

= 20.1168 « 



> (3 ft.) 
(5* 



^_ yd.) . . 

(22 yd. or ) 
Unks) ( 
long (220 yd.) 

(1,760 yd.) . 



lOO 



« 



s= 201.168 

1.6093 kilo- 
meters. 



-1 



SQUARE MEASURE. 



< 






square inch . . ^ 
sq. ft. (144 sq. in.) = 

SQ. YARD (9 sq. ft.) = 

pen* (30* «.. yd.) = pS-^S ■«»• 

rood (40 perches) = laii; ares. 
I ACRB (4240 sq. yd.) = 040468 hectare. 

, 1 sq. mile (640 acres) = | 259^ hectares. 



64J16 sq. cen- 
timeters. 

9.2903 sq. deci- 
meters. 

0.836126 sq. 
meters. 

me- 



CUBIC MEASURE. 



I cub. inch = 161387 cub. ccntimetera. 
I cub. foot (1728 I ( ox)283i7 cub. me- 

cub. in.) J""< ter, or 28.317 

( cub. deamcters. 
1 CUB. YARD (27 I — a7645S cub. meter. 

cub. ft.) ) 



APOTHECARIES' MEASURE. 






I gaDon (8 pints or ) 

160 fluid ounces) ) 
I fluid ounce, f 3 

(8 drachms) 
I fluid drachm, £ 3 

(60 minims) 
I minim, ni (0.91 146 k 

grain weight) ( 



1- 
i- 



4.5459631 liters. 

28.412^ cubic 
centuneters. 

3.5515 cubic 
centimeters. 

0.05919 cubic 
centimeters. 



jian. — * The Apotbecarics* gaUoo is of the 
as the Imperial galkm. 



L^ 



MEASURE OF CAPACITY. 



I gill 

I pint (4 gills) . . . 
I quart (2 pints) . . 
I GALLON (4 quarts) 
I peck ( 2 ealls.) . . 
I bushel (8 galls.) 
I quarter (8 bushels) 



1.42 deciliters. 
a568 liter. 
1.136 liters. 

4.5459631 " 
9.092 " 

3.637 dekaliters. 

2.909 hectoliters. 



AVOIRDUPOIS WEIGHT. 



(64.8 mill i- 
( grams. 
1.772 grams. 
28.350 - 

0-45359243 Itilogr. 

6.350 
12.70 

50.80 

0.5080 quintal. 

1. 01 60 tonnes 
or 1016 kilo- 
grams. 



gram .... 

dram .... 
ounce (16 dr.) . 
POUND (16 oz. or 
7,000 grains) 
I stone (14 lb.) . 
I quarter (28 lb.) 
I hundredweight ) 
(112 lb.) ) 



i- 

-i 



u 

M 
U 



I ton (20 cwt.) . = 



TROY WEIGHT. 



I Troy OUNCE (480 ) 
grains avoir.) ) 

I pennyweight (24 ) 
grains) J 



= 31-1035 grams. 



= 1.5552 



NoTB. — The Troy grain is of the 
the AvunlupoiB grain. 



waght as 



APOTHECARIES' WEIGHT. 



I ounce (8 drachms) 
I drachm, 3 1 (3 scru- ) 

pies) ) 

I scruplet Bi (20 

grams) 



31.1035 grams. 
3.888 " 



[ = 1-296 



NoTS. — The Apothecaries' ounce is of the nme 
weijrht as the Troy ounce. The Apothecaries* 
grain is also of the same weight as the Avoirdapois 
grain. 



llofB. _The Yakd b the length at 6a<' Fahr. , marked on a bronxe bar deposited with the Board of Trade. 
The PooKD is tbe weaght of a piece of platinum weighed m vacuo at the temperature of o^ C, and which is also 

with the Board of Trade. 
The Gaixon coii Min* io lb. weight of distilled water at the tcnperatnre of 6a^ Fahr., the boroineter 
]o inches. 

•■rmsoNiAii 
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Table 3. 

EQUIVALENTS OP BRITISH IMPERIAL AND METRIC WEIGHTS 

AND MEASURES. 



(4) IMPERIAL TO METRIC. 


< 


[For 


U.S. Weights and Measares, see 


Table 2.) 


LINEAR MEASURE. MEASURE OF CAPACITY. 

- 


I 

2 

3 

4 
5 

6 

I 

9 


Inches 
to 

oendmeterB. 


Feet 

to 
meten^ 


Yards 

to 
mcien. 


Miles 
to kilo- 
metm. 




Qnarts 

to 
Htars. 


Gallons 

to 

Uteffs. 


Bushels 

to 

dekaUtcn. 


Qvanen 
10 


2.539998 
5.079996 

7.619993 

10. 1 59991 

12.699989 

15.239987 
17.779984 
20.319982 
22.859980 


0.30480 
0.60960 
0.91440 

1.2 1920 
1.52400 

1.82880 
2.13760 
2.43540 
2.74320 


0.91440 
1.82880 
2.74320 
3.65760 
4.57200 

5.48640 
6.40080 

7.3i5"9 
8.22959 


1.60034 
3-21869 
4.82803 

6.43737 
8.04671 

9.65606 
11.26540 

12.87474 
14^8408 


I 

2 

3 

4 

5 

6 

I 

9 


1.13645 
2.27298 

340947 
4.54596 
5.68245 

6^x894 

7.95544 
9.09193 

ia22842 


4.54596 
9-09'93 

l8!i83S5 
22.72982 

27.27578 
31.82174 
36.36770 
40.91367 


3.63677 

7.27354 
10.9x031 

X4.54708 

18.18385 

21.82062 

25-45739 
29.09416 

32.73093 


8.72825 
11.63767 
14.54708 

17-45650 
20.3659X 
23.27533 

26.18475 


SQUARE MEASURE. 


WEIGHT (Avoni>vpois>. 

■s 


I 
2 

3 
4 
5 

6 

I 

9 


Square 

inches 

to square 

centiraeters. 


Square 

feet 

to square 

decimeters. 


Square 

yards to 

square 

meters. 


Acres to 
hectares. 




Grains 
to milli- 
fnoMk 


Ounces to 


Pounds 
to kilo- 
cnum. 


Hnndiev 

weights to 

HwintalSn 


6.45159 
12.90318 

25.00636 
32.25794 

38.70953 
45.161 12 

5I.6127I 

58.06430 


27.87086 
37.161 15 
46.45144 

55.74173 
65.03201 

74.32230 

83.61259 


0.83613 
1.67225 
2.50838 

3-34450 
4.18063 

5.0x676 
5.85288 
6.6? 901 

7.525»3 


a40468 
0.80937 
1.21405 
1.61874 
2.02342 

2428x1 
2.83279 

3.23748 
3.64216 


I 

2 

3 

4 
5 

6 

I 

9 


64.79802 
X 29.59784 

»94.39675 
259.19567 

323-99459 

388.7935 X 

453-59243 

5^8.39135 
583.x 9026 


28.34953 

85.04858 
1x3.39811 

14X .74763 

170.097x6 
198.44669 

226.7962 X 

255.14574 


0.45359 
0.90718 

1.36078 

I.81437 
2.26796 

2.72155 

3.175x5 
3.62874 

4.08233 


a5o8o2 
ix}x6o5 
1.52407 
2.03209 
2.540x2 

3.04814 
3.55616 

4.06419 

4-57221 


CUBIC MEASURE. 


Apothb- 

CARIBS* 

Mbasuxb. 


AvoniDUPOKs 
(cctu.). 


Tbov Wbiomt. 


AfOTHB" 
CAKIBS' 

Wright. 


6 

I 

9 


Cubic 

inches 

to cubic 

osBtimeters. 


Cubic feet 

to 

cubic 

meters. 


Cubic 

yards 

to cubic 

meters. 


Fluid 
drachms 
to cubic 

cenli- 
metan. 




Tons to 

milliers or 

tonnes. 


Ounces to 
(nuns* 


Penny- 
weights to 


Scraples 
to 


16.38702 
32.77404 
49.16106 
65.54808 
81.93511 

98.32213 
1 14.70915 
131.09617 

147.48319 


0.02832 
O.OQ663 
0.08495 

0.x 1327 
O.I4I58 

O.X6Q90 
0.19822 
0.2260 

0.25485 


0.76455 
1.52911 
2.29366 
3.0582 X 

3.82276 

4.58732 
5-35187 
6.I1642 

6.88098 


3.55«53 
7.10307 

X 0.65460 

14.20613 

17-75767 

2 X. 20920 
24.86074 
28.4x227 
3X. 96380 


I 

2 

3 
4 

5 

6 

I 

9 


1.0x605 
2.03209 
3.04814 
4.06419 
5.08024 

6.09628 

8.12838 
9- '4442 


31.X0348 
62.20696 

93-31044 
X24.41392 

155.51740 

186.62088 

2x7.72437 
248.82785 

279.93'33 


1.55517 

3.IJ035 
4.66552 
6.22070 

7.77587 
xoi8622 

12^44x39 
13.99657 


1.29598 
2.59196 

3.»8794 
5.X8301 

647989 

7.77587 
9.07185 
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Table 4. 



II 



31.UME OP A CLASS VESSEL FROM THE WEIGHT OF ITS EQUIVALENT 

VOLUME OF MERCURY OR WATER. 

If a glass veaad contains at /° C, P grammes of mercury, weighed with brass weights in air at 
x> mm. pressure, then its volume in c. cm. 

at the same temperature, t, : V^s PR sss p^ 
at another temperature, /i, : K= PRx = Ppjd 1 1 + 7 ('i - I 
ss the weight, reduced to vacuum, of the mass of mercury or water which, weighed with brass 

weights, equals i gram ; 
fss the density of mercury or water at /® C, 
ad 7 =s (xooo 025, is the cubical expansion coefficient of glass. 



i 




WATER. 






MERCURY. 




Jf. 


Xu tx = 10°. 


^1, /, = »oO. 


R. 


JPi, tx = 10°. 


Rx, tx = aoo. 


<fi 


1.001192 


IX)0I443 
1358 


I.OOI693 


0.0735499 


0.0735683 


0.0735867 


I 


^^33 


1609 


1^^ 


5798 


& 


2 


'°?2 


1292 


1542 


S9>4 
6029 


3 


1068 


1243 


1493 


5900 


f^'3 


4 


1060 


I2I0 


1460 


6144 


6328 


5 


1068 


"93 


1443 


6259 


6443 


6 


1.001092 


i.ooi 192 


1. 001 442 


o,cyj2fi2f^\ 


0.0736374 


ox>736S58 
6789 


i 


1131 
1184 


1206 

1234 


1456 
1485 


g^ 


^s 


9 


1252 


1277 


1527 


6702 


6720 


6904 


10 


1333 


»333 


1584 


6835 


683s 


7020 


II 


1.001428 

1536 
1657 


1.001403 
i486 


I.OOI 653 

1730 


0.0736969 
7103 
7236 


007369^ 


ox>737i3S 
7250 


13 


1C82 


1832 


7181 


7365 


14 


1790 


1690 


1940 


7370 


7297 


7481 


IS 


1935 


1810 


2060 


7504 


7412 


7596 


16 


1.002092 


1^)01942 


1 .002193 


0.0737637 


0.0737527 
7642 


0.07377" 


\l 


2201 


2086 


2337 


7771 


7826 


2441 


2241 


2491 


7905 


7757 


7941 
|os7 


19 


^33 


2407 


2658 


8039 


7^Z2 


20 


2835 


2584 


2835 


8172 


7988 


8172 


21 


ixx>3048 


1.002772 


1.003023 


0.0738306 


0.0738103 
8218 


0.0738288 


22 


3271 


2970 


3220 


8440 


8403 


23 


3504 
3748 
4001 


3178 


3429 


8573 


8333 


ll 


24 
«5 


3396 
3624 


3647 

3875 


8707 
8841 


&' 


8748 


26 


ixx)4264 


1.003862 
4110 
4366 
4632 


I.004II3 

4361 
4616 


0x738974 
9242 


00738679 

8794 
8910 


0.0738864 

8979 
9094 


«9 


5110 


• 4884 


9376 


9025 


9210 


30 


S4IO 


4908 


5159 


9510 


9140 


9325 



Taken from Landolt, Bttnwtdn, and Meyerhoffer's Phymkaliitrh-Cheiniache Tabdlen. 
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Table 6. 
DERIVATIVES AND INTEGRALS.* 



d ax 
d uv 



V 



df{u) 
de* 

dlog^x 

dx* 
d sinx 



dcosx 

dt&nx 

d cot X 
dsecx 
dcscx 
d sin"-* x 
d cos-i X 
d tan-» X 
d cot-i X 
d sec—i X 
d C8C-1 x] 
d sinh X 
d cosh jc 
(/ tanh X 
d coth jc 
d sech X 
(/ csch X 

d sinh""* X 

d cosh-* X 
d tanh—* x 
d coth—* X 
d sech—* X 
d csch—* X 



= adx 



(dv , du\ , 

-C 



du dv\ 



dx]fix 
v^ / 

= fMf**-* dx 

-'^-diT'di^ 

= a ««* (te 

= X* (I +loge as) 
= cos X dx 



= —sin X d!x 

= sec' X (2x 

= —csc^xdx 
= tan xsecxdx 
=i —cot X . scs X dx 
= (i-x«)-»dx 
= -(i-x«)-»dx 
= (i+x'r^dx 
= -(I +««)-*<£* 
= X-* (x»-i)-» dx 
= -X-* (x«-i)-* dx 
= cosh x dx 
= sinh X dx 
= sech' X dx 
= —csch' X dx 
= —sech X tanh dx 
= —csch X . coth X dx 

= (x»+i)-»dx 

= (x2-l)-» dx 

= (I -x*)-* dx 
= (i-x')-*dx 
= -x-*(i-x')-* dx 
= -X-* (xHi)-* 



fx?^dx 
dx 

X 



f~ 



ft*d» 
/t^*dx 

fx ««* dx 

/log X dx 
y"j« dp 

(a+fcc)* dx 
/{fi+t^^ dx 



x*+* 
= — -— , unless n=-i 
n+i 

= logx 



a 

= X log X— « 

= tf v—fv du 

_(a+6x)»+» 
(»+i)6 

= - tan— » - = 
a a 



/(a»-xa)-»dx = i- log ^ 



/(a*— x*)~* dx = sin , 



- sin—* 

a v^iq: 

a+« 
a 

X 



a—x 



/x(a»±x«)-»dx = 

/sin' X dx = 

/cos* X dx = 

/sin X cos X dx = 
/(sinxcosx)-*dx 

/tan X dr = 

/tan* X dx = 

/cot X dx = 

/cot' X dx = 

/esc X dx = 

/x sin X dx = 

/x cos X dx = 

/tanh X dx = 

/cothxdx = 

/sech X dx = 

/csch X dx = 

/x sinh X dx = 

/x cosh X dx = 

/sinh' X dx = 

/cosh' X dx = 
/sinh X cosh xdx = 



-* -, or— cos-* 
a 



±(a'±x')» 

— Jcosxsinx+Jx 

I sin X cos x+i x 

} sin'x 
=s log tan X 
= -log cos X 

= tanx— X 

= log sin X 

= — cot X— X 

= log tan 1 X 

: sin X— X cos s 

' cosx+xsinx 

: log cosh X 

- log sinh X 

: 2 tan—* f *=»gd u 

= log tanh - 

2 

= X cosh X— sinh x 
= X sinh X— cosh x 
: } (sinh xcosh xt-x) 
: } (sinh X cosh x+x) 
=J cosh (2 x) 



* See also accompanyizig table of derivatiTet. For example : /cot. xdx = sin. x + constant. 
•mitnsonian Taslcs. 



Table 6. 13 

SERIES. 



; + >)« = ac» + ^ «»-» y + ^^^^ '^ «»-« y* + . . . 

n(«— i) . . .(»— m+i) 



m 



«»-*/»+•.. (y»<«*) 



t*)-» = iT2«+3*'T4*'+S«'T6*»+... (*•<!) 

(x+k) = / (*)+*/' (,) + i* /"(,)+... + ^ /(.) (,)+... '^*'''°^es. 

''='+* + ^ + fi + ii + -" <«•<*> 

= (« - I) - 1 (« - 0* + J (X - I)» - . . . (2>X>0) 

i+x) =x-Jx« + iJc«-i«* + (*'<I) 

Sin X = 1 (e.* - e-') =x-^ + jJ-^j+... (x»<x) 

cos X = - («^ + e-^) = «-ri + 7l-zi+ ••• = *- vcrainx (««<oo) 

2 2 ! 4! 01 



3 IS 315 ^ 2835 ^ ^ 



in-i jc = ^ - COS.-1 « = a;+^ + ^'7'7 + - •-'f'* +••• («*<0 



.n-»x 



inh X = 



2 6245^246 

- - cot-i x = x--x« + ix»-i«^ + ... (x*<0 
2 3 5 7 

IT I I I r . V 

2 X 3X» 5X* ^ ' 

1 (,, _ e-») =, + j^ + 1^ + ^' + . . . (x«<x) 
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Table 7. -MATHEMATICAL CONSTANTS. 



« = J.7l8;8 18285 


» = 3-14159 26536 


LoglrilhBB. 

0.497 ' 4 987*7 


f' = 0.J6787 9441! 


r' = 9.86960 440rt 


0.99429 97454 


M = logro- = 0.43429 44819 


- = 0.31830 98862 


9-50=85 OU73 


j (M)-' = log, 10 = =.30258 5°93a 


v't = 1.77245 38509 

y^ = 0.88622 6925s 


0.84857 49363 


logiiil"BW = 9'53778 43"3 


9-94754 49407 


log,o2 = 0.30102 999S7 


^ = 0.5641895835 


9.75142 S<^37 


lqg,2 = 0.O9314 71806 


-■>i; = '"^8_i7 91671 


0.05245 50593 


logi^r = M.iog^ 


■^^= ■■2533' 4>373 


0.0980s 99385 


logfli = 1og,x. logs* 


■^^ = 0.79788 456<>8 


9.90194 00615 


= logfT + log,B 


' =0.78539 81634 


9.89508 98814 


logt'= 1.14472 98858 


■^ = 0.44311 34617 


9.64651 494SO 


p = 0.47693 62762 


J» =4-1887902048 


0.62Z0S 86093 


logp = 967846 03565 


^^-= = 1.08443 75514 


o.035K> 45477 



Table 8. 1 5 

VALUES OF RECIPROCALS, SQUARES, CUBES, SQUARE ROOTS, OF 

NATURAL NUMBERS. 



H 


looaj 


n^ 


«» 


V" ' 


n 


1 000.1 


«a 


1 


v« 


10 


100.000 


100 


1000 


3- '623 1 


1 65 


15.3846 


4225 


274625 
287496 


8.0623 


II 


90.9091 


121 


n:s^ 


3.3166 ' 


66 


15.1515 


435^ 


8.1240 


12 


i^3-3333 
76.9231 


144 


1728 


34641 , 


67 


14.9254 


4489 


300763 


8.1854 
8.2462 


13 


169 


2197 


3.6056 


68 


14.7059 


4624 


3 '4432 


U 


71.422^ 


196 


2744 


3-74 '7 ; 


69 


14.4928 


4761 


328509 


8.3066 


15 


66.6667 


256 


3375 


1 38730 


\ 70 


14.2857 


4900 


343000 


8.3666 


i6 


62.5000 


4096 


4.0000 


71 


14.0845 


5041 


3579" 


8.4261 


17 


58.8235 
55-5550 


289 


4913 


41231 


72 


13.8889 


5184 


373248 


8.4853 


iS 


324 


5832 


4.2426 1 


73 


136986 


5329 


389017 


8.5440 


19 


52.6316 


361 


&59 


4-3589 1 


74 


'3-5135 


5476 


405224 


8.6023 


20 


50.0000 


400 


8000 


4.4721 


75 


'3-3333 


5625 
5770 


421875 


8.6603 


21 


47.6190 


441 


9261 


4.5826 
4.6904 


76 


'3-1579 


438976 


8.7178 


22 


45-4545 


484 


10648 


77 


1 2.0870 


^l 


456533 


87750 


23 


43-4783 


529 


1 2167 


' 47958 1 


78 


12.8205 


474552 


8.8318 


24 


41.6667 


576 


138:^4 


4.8990 


79 


12.6582 


6241 


493039 


8.8882 


25 


40.0000 


67I 


15625 


1 
5.0000 , 


80 


12.5000 


6400 


512000 


8.9443 


26 


38.4615 


17576 
19683 


5.0990 


81 


'2.3457 


6561 


53'44i 


9.0000 


27 


yi'Oyjo 


7f9 


5.1962 


82 


12.19;! 
1 2.0482 


6724 


55 '368 


9.0554 


28 


35-7 '43 


784 


21952 


5-29' 5 


?3 


6889 


571787 


9. 1 1 04 


29 


344S28 


841 


24389 


5-3852 ' 


84 


11.9048 


7056 


592704 


9.1652 


30 


33-3333 


900 


27000 


5-4772 1 


85 


11.7647 


7225 
7390 


614125 
636056 


9.2195 


3« 


322581 , 


961 


29791 


5.5678 
5.6569 


86 


11.6279 


9.2736 


32 


31.2500 


1024 


32768 


^7 


"•4943 
".3636 
11.2360 


7569 


658503 
681472 


9-3274 


33 


30.3030 


1089 


35937 


5.7446 ! 


88 


7744 


9.3808 


34 


29.4118 


1 156 


39304 


5.8310 


89 


7921 


704969 


9.4340 


35 


28.5714 : 


1225 
1290 


42875 
46656 


5.9161 
6.0000 1 


90 


II.IMI 


8100 


729000 


9.4S68 


36 


27.7778 


91 


10.9890 


8281 


75357' 


9-53'>l 


37 


27.0270 


'369 


50653 


6.0828 


92 


10.8696 


8464 


778688 


9-59' 7 
9.6437 


38 


26.5158 
25.6410 


1444 


54872 


6.1644 


93 


10.7527 


8649 


804357 


39 


1521 


593 » 9 


6.2450 


94 


10.6383 


8836 


830584 


9.6954 


40 


25.0000 1 


1600 


64000 


6.3246 ' 


95 


10.5263 


9025 
9216 


857375 
884736 


9.7468 


41 


24.3902 , 

23.8095 

23-2558 


1681 


68921 


6.4031 i; 


96 


10.4167 


9.79S0 


42 


1764 


74088 


6.4807 


97 


' 0.3093 


9409 


912673 


9.8489 


43 


1849 


79507 


6.5574 ! 
6.6332 


98 


10.2041 


9604 


941 192 


9.8995 


44 


227273 


1936 


85184 


99 


lO.IOIO 


9801 


970299 


9.9499 


45 


22.2222 


2025 
211D 


91125 

97336 
103823 


6.7082 ! 


100 


10.0000 


lOOOO 


lOOOOOO 


1 
10.0000 


. 46 


21.7391 


6.7823 ; 


lOI 


9.90099 


10201 


I03030I 


10.0499 


47 


21.2766 


2209 


6.85^7 : 
6.9282 


102 


9.80392 


10404 


1061 208 


10.0995 


4^ 


20^333 i 

2a4o82 ; 


2304 


1 10592 
1 1 7649 


103 


9.70874 


10609 


1092727 


10.1489 


49 


2401 


7.0000 1 


104 


9.61538 


I08I6 


1 1 24864 


10.1980 


50 


2aoooo 


2500 


125000 


7.07 1 1 


105 


9.52381 


1 1025 


1157625 
1191016 


10.2470 


5" 


19.6078 


2601 


I 3265 I 


7.1414 


106 


9.43396 


1 1236 


10.2956 


52 


1S.8679 


2704 


140608 


7.21 II 


107 


9-34579 


"449 


1225043 


10.3441 


53 


2809 


148877 


7.2801 , 


108 


9.25926 


11664 


'259712 


10.3923 


54 


18.5185 


2916 


157464 


7-3485 


109 


9.17431 


11881 


1 295029 


10.4403 


55 


18.1818 


3025 
3136 


166575 


7.4162 i 


110 


9.09091 


12100 


I33IOOO 


10.4881 ! 


56 


17.8571 


I 75616 


74833 
7-5498 
7.6x58 


III 


9.00901 


12321 


'367631 


' 0.53 57 


.57 


17-5439 


3249 


185193 


112 


'2544 


1404028 


10.5830 


58 


17.2414 


3364 


195112 


"3 


8.84956 


12769 


1442897 


10.6301 


59 


16.9492 


3481 


205379 


7.681 1 1 


114 


877193 


12996 


'48 '544 


10.6771 


GO 


16.6667 


3600 


216000 


7.7460 


115 


8.69565 


13225 


1520875 


10.7238 


61 
63 


16.3934 
16.1290 


3721 
3844 


226981 
238328 


7.8102 ' 
7.8740 I 


116 
117 


8.62069 
8.54701 


1560896 
1601613 


10.7703 
10.8167 


63 


« 5-8730 


3969 


250047 
262144 


7-9.373 


118 


8.47458 


'3924 


1643032 


10.8628 


64 


15.6250 


4096 


8.0000 


119 


8.40336 


14161 


16851 «;9 


10.9087 

1 
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1 6 Table 8 {c^MOmud), 

VALUES OF RECIPROCALS, SQUARES, CUBES, SQUARE ROOTSf 

OF NATURAL NUMBERS. 



n 


1000.^ 


ff> 


«• 


V. 


n 


1000.) 


II* 


f^ 


1 


120 


8.26446 


14400 


1728000 


10.9545 


175 


571429 


30625 
30976 


5359375 i 

5451776 ; 


■ ~ 1 

13.22SS : 


121 


14641 


1771561 
181 5848 


11.0000 


176 


5.68182 


13.2665 


122 


8.19672 


14884 


11.0454 


*7Z 
178 


5.64972 


31084 


5545233 ; 


» 3.304 i 


"3 


8.13008 
8.06452 


15129 


1860867 


11.0905 ' 


5.61798 


5639752 


>3-34«7 


124 


15376 1906624 


111355 1 


179 


5.58659 


32041 


5735339 


1 3-379 « 


125 


8.00000 


15625 1953125 
15876 2000376 


II.I803 


^ 


5.55556 
5.524^6 


32400 


5832000 


13-4164 


126 


7-93651 


11.2250 ' 


181 


32761 


5929741 . 
602856S 


i3-4S,l6 


127 


7.87402 


I §129 2048383 


11.2694 1 


182 


5-49451 


33124 


13.49^7 


128 


7.81250 


16384 20971 S2 
1604I 2146689 


11-3137 1 


183 


5.46448 


33489 


6128487 


13-5277 


129 


775194 


11-3578 


184 


543478 


33856 


6229504 


13-5647 


130 


7.69231 


16900 2197000 


1 1.4018 


185 


5.40541 
5.37034 


34225 
34590 


6331625 
6434850 


13.6015 


131 


7.6335? 


17(61 2248091 


11.4455 


186 


13.6382 


132 


7-5757<3 
7.51880 


17424 1 2299968 


II489I 1 


187 


5-34759 


34969 


6539203 
6644672 


13-6748 


^ZZ 


'7689 2352637 


11.5326 


188 


5.31915 


35344 


i3-7"3 


134 


7.46269 


17956 1 2406104 


11.5758 


189 

1 


5.29101 


35721 


6751269 


13.7477 I 


135 

136 


7.40741 
7-35294 


18225 2460375 
18496 2515456 


1 1. 6190 
II.66I9 


! 190 

191 


5.26316 

5.23560 
5.20833 


36100 


6859000 
^7871 


13.7840 1 
13.8203 


*37 


7.29927 


18769 


2571353 
2628072 


11.7047 


192 


36864 


7077888 


13-8564 


138 


7.24638 


19044 


11-7473 
11.7898 


193 


5.18135 
515404 


37249 


7189057 
7301384 


13.8924 


139 


7.19424 


I932I 


2685619 


194 


37636 


13.9284 


140 


7.14286 


'9600 


2744000 


11.8322 1 


195 


5.12821 


38025 


7414875 
7529536 
7045373 


13.9642 


141 


7.09220 


I9881 


2803221 


11-8743 1 


1 196 


5.10204 


^'^ 


14X)001/ 


142 


7.04225 


20164 1 2S63288 


1 1. 9164 


*97 


5.07614 


38809 


14.0357 


143 


6.99301 


20449 2924207 


11.9583 


198 


5.05051 


39204 


7762392 


14x7712 


144 


6.94444 


20736 


2985984 


12.0000 


199 


5-02513 


39601 


7880599 


14.1067 ; 


145 


6.89655 


21025 


3048625 


12.0416 


200 


500000 


40000 


8000000 


14.1421 


146 


6.84932 


2I316 , 3II2I36 


1 2.0830 


' 201 


4.97512 


40401 


81 20601 


141774 


147 


6.80272 


21609 3176523 


12.1244 


1 202 


4.95050 


40804 


8242408 


14.2127 
14.2478 


148 


6.75676 


21904 3241792 


12.1655 
12.2066 : 


I 203 


4.9261 1 


41209 


!^5427 


149 


6.71141 


22201 


3307949 


204 


4.90196 


41616 


8489664 


14.2829 


150 


6.66667 


22500 


3375000 


12.2474 1 


; 205 


4.87805 


42025 
42436 


8615125 
8741816 


14.3178 


151 


6.62252 


22801 


344295* 


12.2882 , 


1 206 


4.85437 


14-3527 
14.3875 


152 


6.57895 


23104 


3511808 


12.3288 ! 


207 


4.83092 


42849 


8860743 
8998912 


153 


6-53595 


23409 


3581577 
3652264 


12.3693 i 


208 


4.80769 


43264 


14.4222 1 


154 


6.49351 


23716 


12.4097 1 


209 


4.78469 


43681 


9129329 


14.4568 


155 


6.45161 


24025 
24336 


3723875 
3796416 


12.4499 


210 


4.76190 


44100 


9261000 


14.4914 I 


156 


6.41026 


12.4900 


211 


4-73934 


44521 


9393931 


14.5258 ; 


157 


6.36943 


24649 


3869893 


12.5300 . 


' 212 


4.71698 


44944 


9528128 
9063597 


14.5602 , 


158 


6.3291 1 


24964 


3944312 
4019679 


12.5698 ; 


213 


4.69484 


45369 


14.5945 
14.6287 < 


159 


6.28931 


25281 


12.6095 


1 214 


4.67290 


45796 


9800344 


160 


6.25000 


25600 


4096000 


12.6491 


1 215 


4.65116 


46225 
46656 
47089 


9938375 
10077696 


14.6629 


161 


6.21 it8 


25921 


41 73281 


12.6886 


1 216 


4.62963 


14.6969 


162 


6.17284 


26244 ' 4251528 


12.7279 


217 


4.60829 


10218313 


14.7648 


163 


6.13497 


26569 1 4330747 
26896 1 4410944 


12.7671 1 


218 


4.58716 


47524 


10360232 


164 


6.09756 


12.8062 


219 


4.56621 


47961 


10503459 


14.7986 


165 


6.06061 


27225 ' 4492125 

27550 1 4574296 

! 27889 4657463 


12.8452 


220 


4-54545 


48400 


10648000 


14.8324 


166 


6.02410 


12.8841 


221 


4.52489 I 48841 


10793861 


X4.8661 


167 


5.98802 


12.9228 


222 


4.50450 


49284 


10941048 


14.8997 


168 


595238 


1 28224 4741632 


12.9615 


223 


4.48430 


49729 


11089567 


14.9332 


169 


5.917 16 


28561 , 4826809 

1 1 


13.0000 


224 


4.46429 


50176 


11239424 


14.9066 


170 


5-88235 


28900 


4913000 


13-0384 


225 


444444 


50625 
51076 


11390625 

11543170 
1 1697083 


15.0000 


171 


5-84795 


29241 


50002 I I 


13.0767 1 


226 


4.42478 


15.0333 
15.0665 


172 


5-81395 


29584 ! 5088448 


13.1149 


227 


4.40529 


51529 


173 


5-78035 


29929 1 5177717 


13-1529 


228 


11^ 


51984 


11852352 
12008989 


15.0997 


174 


5-74713 


30276 5268024 


131909 


229 


52441 


15.1327 



Smithsonian Tables. 



Table 8 {contimud), 1 7 

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS, OF 

NATURAL NUMBERS. 



230 

233 
234 

235 

236 

238 
239 

240 

241 
242 

243 
244 

245 

246 
247 
248 

249 

250 

251 
252 
253 
254 

255 

256 

258 

2S9 

260 

261 
262 

t^ 
264 

2(5 

266 



269 

270 

271 

272 

273 
274 

275 

276 
27 
27i 
279 

280 
281 
282 



lOOCX* 



284 



434783 
4.32900 

4-3'034 
4.29185 

4.27350 

4-25532 

4.23729 
4.21941 

4.20168 

4.18410 

4.16667 
4.14938 

413223 

4-"S23 
4.09836 

4.08163 
4.06Q04 
4.04558 
4.03226 
4.01606 

4.00000 
398406 
3-96825 

3.95257 
3.93701 

3-92157 
390625 

3.89105 

3.87597 
3.86100 

3.84615 
3.83142 

3.81679 
3.80228 
3.78788 

3-77358 
3-75940 
3-74532 
373134 
3.71747 

370370 

3.69004 

367647 
3.66300 

3.64964 

^63636 
3.62319 
3.61 01 1 
3-59712 
358423 

3-57143 
3-55872 
3.54610 

3-53357 
3.521 13 



52900 
53361 
53824 
54289 

54756 

55225 
55696 
56169 

56644 
57I2I 

57600 
58081 

58564 
59049 
59536 

6002c 
60516 
61009 
61504 
62001 

62500 
63001 

63504 
64009 

64516 
65025 

66049 
66564 
67081 

67600 
68121 
68644 
69169 
69696 

70225 
70756 
71289 
71824 

72361 

72900 
73441 
73984 
74529 
75076 

7562c 
76176 
76729 
77284 
77841 

78400 
78961 

29524 
80089 

80656 



2167000 
2326391 
2487168 

2649337 
2812904 

2977875 
3'44250 
3312053 
3481272 
3651919 

3824000 

3997521 
4172488 

4348907 
4526784 

4706125 
4886936 
5069223 
5252992 

5438249 

5625000 
5813251 
6003008 
61Q4277 
6387064 

6581375 
6777216 

6974593 
7173512 

7373979 

7576000 

7779581 
7984728 

8191447 
8399744 

8609625 
8821096 
9034163 
92A8832 
9465109 



9683000 

990251 I 

20123648 

20346417 

20570824 



20796875 
21024576 
21253933 
21484952 
217 I 7639 

21952000 
22188041 
22425768 
22665187 
22906304 



v« 



15.1658 

15.1987 

15-2315 
15.2643 

15.2971 

1 5-3297 
15-3621 
15-3948 
15-4272 
15.4596 

15.4919 

15.5242 

'5-5563 
15.5885 

15.6205 

I5.6C25 

I5.6S44 
15.7162 
15.7480 

15-7797 

1 5.81 14 

15,8430 
'5-8745 

15.9060 

15-9374 

15.9687 

16.0000 
16.0312 
16.0024 

16.0935 

16.1245 

16.1864 
16.2173 
16.2481 

16.2788 
16.3095 

16.3401 

16.3707 

16.4012 

16.4317 

16.4621 
16.4924 
16.5227 

16.5529 
16.5831 

16.6132 

16.6433 
16.6733 

'6.7033 
16.7332 

16.7631 
16.7929 
16.8226 

16.8523 



n 



285 

286 

287 
288 
289 

290 

291 
292 

293 
294 

295 

296 
297 
298 

299 

300 

301 
302 

303 
304 

305 

306 

307 
308 

309 

310 

3" 
312 

3'3 
3>4 

315 

316 

317 
3'8 
3'9 

320 

321 
322 

323 
324 

325 

326 

327 
328 

329 

330 

33' 
332 
333 
334 

335 

336 
337 
338 
339 



lOOO.^ 




3-50877 
349650 
3-48432 

3.47222 

3.46021 

3.44828 
343643 

3.42466 

3-41297 
3.40136 

3-37^ _ 
3.36700 

3-35570 

3-34448 

3-33333 
3-32226 

3-31126 

330033 
328947 

3-27869 
3.26797 

325733 

324675 
3.23625 

3-22581 

321543 
3-20513 

3.19489 

3.18471 

3.17460 
3.16456 

3- '5457 
3.14465 

3.13480 

3.12500 
3."5-6 

3'oS59 
309598 
3.08642 

3.07692 
3.06748 
3.05810 
3.04878 

30395' 

3-03030 
3.02115 

3.01 205 
3.00300 
2.99401 

2.98507 
2.97619 
2.96736 
2.95858 
2.94985 



81225 

81796 

82369 
82944 

83521 



2314912 

2339365 

23639903 
23887872 

24' 37 569 



84100 24389000 
84681 24642171 
85264 24897088 
85849 25153757 
2541 2184 



05049 
86436 

87025 
87616 
88209 
88804 
89401 

90000 
90601 
91204 
91809 
92416 

93025 

93636 

94249 
94864 

95481 

96100 
96721 

97344 
97969 
98596 

99225 

99856 
00489 
01124 
01761 

02400 
03041 
03684 
04329 
04976 

05625 
06270 
06929 

07584 
08241 

08900 
09561 
10224 
10889 
1 1 556 




13569 
14244 

1 492 1 



25672375 
25934336 
26198073 
26463592 
26730899 

27000000 
27270901 
27543608 
27818127 
28094464 

28372625 
28652616 
28934443 
29218112 
29503629 

29791000 
30080231 
30371328 
30664297 
30959144 

3*255875 
3'554496 

3'8550'3 
32157432 
32461759 

32768000 
33076161 
33386248 
33698267 
34012224 

3432812 

3464597 
34965783 
35287552 
3561 1289 

35937000 
36264691 
36594368 
36926037 
37259704 

37595375 
37933056 

38272753 
38614472 

38958219 



v« 



16.8819 

16.9115 
16.9411 
16.9706 
17.0000 

17.0294 

17.0587 
17.0880 

17.1172 
17.1464 

17.1756 

17.2047 

'7.2337 

17.2627 
17.2916 

17.3205 

'7-3494 
'7-3781 
174069 

174356 

17.4642 
17.4929 

i7-52'4 

'7-5499 
17.5784 

17.6068 

'7.6352 
'7-6635 
17.6918 
17.7200 

17.7482 

17.7764 
17.8045 
17.8320 
17.8006 

17.8885 
17.9165 
17.9444 
17.9722 
18.0000 

i8x>278 
18.0555 
18.0831 
18.1108 
18.1384 

18.1659 
18.1934 
18.2209 
18.2483 
18.2757 

18.3030 

'8.3303 
18.3576 

18.3848 

18.4120 
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Table 8 {conOmud). 



VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS 

OF NATURAL NUMBERS. 



n 



340 

341 
342 

343 
344 

345 

346 
347 
348 
349 

350 

35» 
352 
353 

354 

355 

356 
357 
358 
359 

360 

361 
362 

363 
364 

365 

366 

367 
368 

369 

370 

371 
372 

373 
374 

375 

376 

377 

379 
380 

382 

384 

385 

386 

387 
388 

389 

390 

391 
392 
393 
394 



1000.1 



2.941 18 

2.9325s 
2.9239b 

2.91545 
2.90696 

2.89855 
2.89017 

2.88184 

2.87356 

2.86533 

2.85714 
2.84900 
2.84091 
2.83286 
2.82486 

2.81690 
2.80899 
2.80112 

2.79330 
2.78552 

2.77778 
2.77008 
2.76243 
2.75482 

2.74725 

2.73973 
2.73224 

2.72480 

2.71739 
2.71003 

2,70270 
2.69542 
2.68817 
2.68097 
2.67380 

2.66667 
2.65957 
2.65252 
2.64550 
2.63852 

2.63158 
2.62467 
2.61780 
2.61097 
2.60417 

2.59740 
2.1^9067 
2.58398 

2.57732 
2.57069 

2.56410 

2.55754 
2.55102 

2-54453 
2.53807 



n* 



15600 
1 628 1 
16964 
17649 

Ji833^ 

19025 
1971b 
20409 
21 104 
21801 

22500 
23201 

23904 
24609 

25316 

26025 
26736 
27449 
28164 
28881 

29600 
30321 
31044 
31769 
32496 

33225 
33956 
34689 
35424 
36161 

36900 
37641 

383^4 
39129 

39876 

4062 

4137 
42129 

42&S4 
4364* 

44400 
45161 

45924 
466S9 

47456 

48225 

48996 
49769 

50544 

5U2I 

52100 
52881 

53664 
54449 
55236 



39304000 
31^651821 
40001688 

40353607 
40707584 

41063625 
41421736 
41781923 
42144192 
42508549 

42875000 

43243551 
43614208 

43986077 

44361864 

44738875 
4511801O 

45499293 
45882712 

46268279 

46656000 
47045881 

47437928 
47832147 
48228544 

48627125 
4902789O 
49430863 
49836032 
50243409 

50653000 
5106481 1 
51478848 

518951 '7 
52313624 

52734375 
53157376 
53582633 
54010152 

54439939 

54872000 

55306341 
5574296S 

56181887 

56623104 

57066625 
575^2456 
57960603 
5VS411072 
58863869 

59319000 

59776471 
60236288 
60698457 
61 162984 



v« 



8.4391 

8.4&2 
8.4932 
8.5203 
8.5472 

8.5742 
8.601 1 
8.6279 
8.6548 
8.6815 

8.7083 

8.7350 
8.7617 
8.7883 
8.8149 

8.8414 
8.8680 

8.8944 
8.9209 

8.9473 

8.9737 
9.0000 

9.0263 

9.0526 

9.0788 

9.1050 
9.131 1 

9.J572 
9.^833 
9.2094 

9.2354 
9.2614 

9.2873 

9.3 » 32 

9.3391 

9.3649 

9.3907 
9.4165 

9.4422 

9.4679 

9.4936 
9.5192 

9.5448 

9.5704 

9.5959 

9.6214 
9.6469 
9.6723 

9.6977 
9.7231 

9.7484 

9.7737 
9.7990 

9.8242 
9.8494 



n 



395 

396 
397 
398 
399 

400 

401 
402 

403 
404 

405 

406 
407 
40S 

409 

410 

411 
412 

413 
414 

415 

416 

417 
418 
419 

420 

421 
422 

423 
424 

425 

426 
427 
428 

429 

430 

43' 
432 
433 
434 

435 

436 
437 
438 
439 

440 

441 
442 

443 
444 

445 

446 

447 
448 

449 



1000.1 



2.53165 
2.52525 

2.51889 
2.51256 
2.50627 

2.50000 

2.49377 
2.48756 
2.48139 
2.47525 

2.46914 
2.46305 
2.45700 
2.45098 

244499 

2.43902 

2.43309 
2.42718 

2.42131 
2.41546 

2.40964 
2.40385 
2.39808 

J.39234 
2.38603 

2.38095 

2.37530 
2.36967 . 
2.36407 

2.35849 

2.35294 
2.34742 

2.34192 

2.33645 
2.33100 

2.32558 
2.32019 
2.3 1 48 1 
2.30947 
2.30415 

2.29S85 
2.20^58 
2.28833 
2.2831 1 
2.27790 

2.27273 
2.26757 
2.26244 

2.25734 
2.25225 

2.24719 
2.24215 
2.23714 
2.23214 
2.22717 



56025 
56816 
57609 
58404 
59*OJ 

60000 
60801 
61604 
62409 
63216 

64025 
64836 



V- 



19.8746 

19.9249 

19-9499 
19.9750 

2OuO000 
200250 
20.0499 

20X>749 
20^)996 

201246 
66923416 201494 

65649 i 67419143 ; 201742 

201990 
202237 



61629875 
62099136 
62570773 

63044792 : 
63521199 

64000000 
64481 201 
64964808 ! 
65450827 

65939264 
66430125 



05(> 
664 



64 i 67917312 
67281 I 68417929 



68100 
68921 

69744 
70569 



72225 

738^ 
74724 

75561 

• 

76400 
77241 
78084 
78929 

79776 

80625 
81476 
82329 

83184 
84041 

84900 

85761 

86624 

87489 
88356 

89225 
90096 
90969 
91844 
92721 

93600 
94481 
95364 
96249 
97136 



98025 

98016 

99809 

200704 

201 601 



6S921000 
69426531 
69934528 



71473375 
71991296 

725"7i3 
73034632 
73500059 

74088000 
74618461 
75151448 
75686967 
76225024 

76765625 
77308776 

77854483 
78402752 

78953589 

79507000 
80062991 
80621568 
81182737 

81746504 

82312875 
82881856 




84604519 



85184000 
857661 21 
86350888 

86938307 
87528384 

88121125 
88716536 
89314623 
89911C392 
90518849 



202485 
202731 
202978 



70444997 I 20.3224 



71396 70957944 20.3470 



20.3715 
20.3961 

20.4206 

204450 

20.469s 

204939 
20518J 

205i» 
205670 

205913 




ao.7123 




208327 



20.0QD7 

208806 
209043 

209384 

209523 



9762 

21.0000 
21.02318 
21^)476 
21.0713 

2I.C9S0 

21. I 157 

ai.1424 
21.1660 
21.1896 
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Table 8 {coMtimud). 1 9 

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS 

OF NATURAL NUMBERS. 



450 

45« 
4S2 
453 
454 

455 

456 

^2 
458 
459 

460 

461 
462 

465 

466 

467 
468 

469 

470 

471 
472 

473 
474 

475 

476 
477 
478 
479 

480 

481 
482 

484 

485 

486 

487 
488 

489 

490 

491 
492 
493 
494 

495 

496 

^ 
49S 

499 

500 

I 501 
502 

503 
504 



ICX)oi 



2.22222 
2.21729 
2.21239 
2.20751 
2.20264 



2. 
2. 
2. 

2. 
2. 



2. 
2. 



2. 
2. 
2. 
2. 
2. 



9780 
9298 
SS18 



ffi 



202500 
203401 
204304 
205209 
2061 16 

207025 
207936 
208849 
209764 
210681 

7391 21 1600 
6920 2I252I 



«« 



6450 
5983 



.98: 
5517 



213444 

214369 
215296 

216225 



5054 

4592 21715S 



4133 

3675 
3220 

2766 

2;5i4 
1864 
1416 
0970 

0526 

0084 
2.09644 
2.09205 

2-08333 



218089 
219024 
219961 

220900 
22184I 
222784 
223729 
224670 



225625 
220576 
227529 
228484 
229441 



230400 



2.07900 231 361 
2.07469 232324 



2.07039 
2.06612 

2X)6i86 
2.05761 
2.05339 
2x>49i8 

2.04499 

2.04082 
2.03666 
2.03252 
2.02S40 

2X>2429 

2.02020 
2.01 61 3 
2.01207 
2.00S03 
2.00401 

2.00000 
1. 99601 

1.98413 



233^89 
234256 

235225 
230196 
237169 

238144 
2391 2 1 

240100 
2410S1 
242064 
243049 
244036 

245025 
246016 
247009 
248004 
249001 

250000 
251001 
252004 

253009 
254016 



91 1 25000 

9> 733851 
92345408 

92959677 
93576664 



\l 



941 
9481 

95443993 
96071912 

96702579 



97336000 
97972181 
98611128 
99252847 
99897344 

00544625 
01 194696 
01847563 
02503232 
03161709 

03823000 
044871 I I 
05154048 
05823817 
06496424 

07171875 
07850176 

08531333 
09215352 

09902239 

10592000 
1 1 28464 1 
1198016S 
12678587 

13379904 

14084125 
14791256 

15501303 
16214272 

I 69301 69 

17649000 
1837077 I 
19095488 
19823157 
20553784 

21287375 
22023930 

22763473 
23505992 

2425M99 

25000000 

2575' 501 
26506008 
27263527 
28024064 



V" 



21.2132 
21.2368 
21.2603 
21.2838 
21.3073 

21.3307 

21.3542 
21.3776 
21.4009 

214243 

21.4476 
21.4709 
21.4942 
21.5174 
21.5407 

21.5639 

21.5870 
21.6102 

21.6333 
21.6564 

21.6795 
21.7025 
21. 72TO 
21.7486 
21.7715 

21.7945 
21.8174 
21.8403 
21.8632 
21.8861 

21.9089 
21.9317 

21.9545 

21.9773 
22.0000 

22.0227 
22.04U 
22.0681 
22.0907 
22.1133 



M359 



22. 

22.1^&5 

22.181 r 
22.2036 
22.2261 



22.2486 
22.2711 
22.2935 
22.3159 

22.3383 

22.3607 
22.3830 
22.4054 
22.4277 

22.4499 



n 



505 

506 

507 
508 

509 

510 

5" 

512 

5'3 
514 

515 

516 

518 
519 

520 

521 
522 

523 
524 

525 

526 

527 
528 

529 

530 

531 
532 
533 
534 

535 

536 
537 
538 
539 

540 

541 
542 

543 
544 

545 

546 

548 
549 

550 

55^ 
552 
553 

554 

555 

556 

557 
558 

559 



1 000. J 



.98020 
.97628 

•97239 
.96850 

.96464 

.96078 

•95695 
•95312 

.94932 

•94553 

.94175 
.93798 

•93424 
.93050 
.92678 

.92308 
.91939 
.91571 
.91205 
.90840 

.90476 
.90114 

•89753 
.89394 

.89036 

.88679 
.88324 
.87970 
.87617 
.87266 

.86916 
.86567 
.86220 

.85874 
.85529 

.85185 
.84843 
.84502 
.84162 
.83824 

.83486 
.83150 
.82815 
.82482 
.82149 

.81818 
.81488 
•81159 
.80832 
.80505 

.80180 
.79856 

•79533 
.79211 

.78891 



n" 



255025 
256036 
257049 
258064 
259081 

260100 
261 1 21 
262144 
263169 
264196 

265225 
2662156 
267289 
268324 
269361 

270400 
271441 
272484 
273529 
274576 

275625 
270676 
277729 
278784 
279841 

280900 
281961 
283024 
284089 
285156 

286225 
287296 
288369 
289444 
290521 

291600 
2926S1 
293764 

294849 
295936 

297025 
29S116 
299209 
300304 
301401 

302500 
30300 I 
304704 
305809 
306916 

308025 
309136 
310249 

3^364 
31 2481 



»« 



28787625 
29554216 

30323843 
31096512 

31872229 

32651000 

33432831 
34217728 
35005697 

35796744 

36590875 
37388096 

38188413 
38991832 

39798359 

40608000 
41420761 
42236648 

43055667 
43877824 

44703125 
45531576 
46363183 
47197952 
48035889 

48877000 
49721291 
50568768 

5^419437 
52273304 

53130375 
53990656 

54854153 
55720872 

56590819 

57464000 
58340421 
59220088 
60103007 
60989184 

6187862 

6277133 

63667323 

64566592 

65469149 

66375000 
672841 51 
68196608 
691 1 2377 
70031464 

70953875 
71S79616 

72808693 

73741 1 [2 
74676879 



v« 



22.4722 

22.4944 

22.5167 

22.5389 

22.5610 
22.5832 

22.6053 

22.6274 
22.6495 
22.6716 

22.6936 
22.7156 

22.7376 

22.7596 
22.7816 

22.8035 

22.8254 

22.8473 

22.8692 
22.8910 

22.9129 

22.9347 
22.9565 
22.9783 

23.0000 
23.0217 

230434 

23.0651 

23.0868 

23.1084 

23.1301 
23.1517 

23.1733 
23.1948 

23.2164 

23-2379 

23^2 594 
23.2809 

23.3024 

233238 

23-34! 
23. 3< 
23.3880 
23.4094 

23.4307 

23.4521 
23.4734 

23-4947 
23.5160 

23.5372 

23.5584 

23.5797 
23.6008 

23.6220 
23-6432 
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20 Table 8 {caummd). 

VALUES OP RECIPROCAL81 SQUARES, CUBES, AND SQUARE ROOTS 

OF NATURAL NUMBERS. 



560 

562 

h 

564 

565 

566 

567 
568 

569 
570 

572 

573 
574 

575 

576 

577 
578 
579 

580 

582 

h 
584 

585 

586 

587 
588 

589 

590 

591 
592 
593 
594 

595 

596 

i98 
599 

600 

601 
602 
603 
604 

605 

606 
607 
608 
609 

610 

611 
612 

614 



iooo.i 



8571 
8253 

7930 

7620 

7305 

6991 
6678 
6367 

6056 
5747 

5439 

5131 
4825 

4520 
4216 

3913 
361 1 

3010 
2712 

2414 
2117 
1821 

1527 
1233 

0940 
0648 

0068 
69779 

69492 
69205 
68919 
68634 
68350 

68067 
67785 

67504 
67224 

66945 

66667 
66389 
66113 

65563 

65289 
65017 

64745 
64474 
64204 

63934 
63666 

63399 
63132 

62866 



313600 
314721 

3' 5844 
316969 
318096 

319225 
320356 
321489 
322624 
323761 

324900 
326041 
327184 
328329 
329476 

330625 

331776 

332929 
334084 

335241 

336400 
337561 
338724 
339889 
341056 

342225 
343396 
344569 

345744 
346921 

348100 
349281 
350464 
351649 
352836 

354025 
355216 

356409 
357604 
358801 

360000 
361 201 
362404 
363609 
364816 

366025 
367236 
368449 
369664 
370881 

372100 

373321 
374544 
375769 
376996 



75616000 
76558481 
77504328 

78453547 
79406144 

« 

80362125 
81321496 
82284263 

83250432 
84220009 

85193000 
861694 I I 
87149248 
88132517 
891 19224 

90109375 
91 102976 
92100033 
93100552 

94104539 

951 12000 

96122941 

97137368 

98155287 
99176704 



200201625 
2012^0056 
202262003 
203297472 

204336469 

205379000 
206425071 
207474688 
208527857 
209584584 

210644875 
21 1708730 
212776173 
2 1 3847 1 92 
214921799 

216000000 
217081801 
218167208 
219256227 
220348864 

221445125 
222545016 
223648543 
224755712 
225866529 

226981000 
228099131 
229220928 

230346397 
231475544 



v« 



23.6643 
23.6854 
23-7005 

23.7276 

237487 

23.7697 
23.7908 
23.8118 

23^328 
23-8537 

23-8747 
23.8956 

23.9165 
239374 
239583 

23.9792 

24.0000 
24.0208 
24*0416 
24.0624 

24.0832 

24.1039 

24.1247 

24-1454 

24.1661 

24.1868 

24.2074 
24.2281 
24.2487 

24.2693 

24.2899 
24.3105 

24-3311 
24.3516 

24.3721 

24.3926 

24.4131 

24-4336 
24.4540 

24-4745 

24-4949 
24-5153 
24-5357 
24-5561 
24.5764 

24.5967 
24.6171 
24.6374 

24-6577 
24.6779 

24.6982 
24.7184 
24.7386 
24.7588 
24.7790 



615 

616 
617 
618 
619 

620 

621 
622 
623 
624 

625 

626 
627 
628 
629 

630 

632 

634 

635 

636 

637 
638 

639 

640 

641 
642 

643 
644 

645 

646 

647 
648 

649 
650 

652 

653 
654 

655 

656 

657 
658 

659 

660 

661 
662 
663 
664 

665 

666 
667 
668 
669 



10004 



62602 

62338 
62075 

,61812 

61551 

61290 
61031 
60772 
60514 
60256 

60000 

59744 
59490 

58730 




582: 

57978 

57729 

57480 

56740 
56495 

56250 
56006 
55763 
55521 
55280 

55039 

54799 
54560 

54321 
54083 

53846 
53610 

53374 
53139 
52905 

52672 

52439 
52207 

51976 
51745 

5 J 51 

51057 
50830 
50602 

50376 
50150 

49925 
49701 

49477 



378225 
^9456 




381924 
383161 

384400 
385641 
386884 
388129 

389376 



39062 

39187 

393»29 

394384 

395641 

396900 
398161 

399424 
400689 

401956 

403225 
404496 

405769 
407044 
408321 

409600 
410881 
412164 

413449 
414736 

416025 
417316 
418609 
419904 
421201 

422W) 
423801 
425104 
426409 
427716 

429025 

430336 

43'649 
432964 

434281 

435600 
436921 

438244 

439569 
440896 

442225 

443; 
444J 

446224 
447561 



232608375 

233744896 
234885113 
236029032 
237176659 

238328000 
239I83061 
240641848 
241804167 
242970624 



244140625 
246491883 



24S3I4' 



247673152 
248858189 

250047000 

25»239S9i[ 
252435968 

253636137 
254840104 

256047875 

257259456 
258474853 

259694072 
260917 I 19 

262144000 

263374721 
264609288 

265847707 

267089984 

2683116125 
269s86i36 
270840023 
272097792 

273359449 

274625000 

27589445* 
277167808 

278445077 

279720264 

281011375 
282300410 

283593393 
284890312 

286191179 

287496000 
288804781 
2901 17528 
291434247 

292754944 

294070625 
295408296 
296740963 
298077632 
299418309 



i» 



24-W 

24-8193 

24-f»S 
24-8596 
24^797 

■ 

2418991^ 
24.9199 

24.9399 
24J9000 

24.9800 
25.0000 

25^)200 
25.0400 
25-0599 

25-0799 

25-0996 
25.1197 
25.1396 

251595 
25-1794 

25.1991 
25.2IQO 
25.2* 
25.25I7 
25.2784 

25.2982 
25.3180 

25-3377 
253574 
25-3772 

25-3969 
254165 

25436; 

25-4755 

254951 
25-5'47 
255343 
25-5539 
25-5734 

25-5930 
25.6125 

25.6320 

25.6515 

25.6710 




25.7876 
25.82^ 
25^50 
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Table 8 {catummd), 2 1 

JE8 OP RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS 

OP NATURAL NUMBERS. 



iooo.i 



^9254 448900 

.49031 450241 

.48810 451584 

.48588 452929 

.48368 454276 

.48148 45^62 

.47929 45697 

.47710 45S329 

•47493 459084 

.47275 461041 

•47059 462400 

.4684^ 463761 

.46628 46^124 

.46413 466489 

.46199 467856 

-45985 469225 

•45773 470596 

45560 471969 

•45349 473344 

•45»38 474721 

^928 476100 

.44718 477481 
.44509 
•44300 
-44092 



478864 
480249 
481636 



•43S8 
43678 I 4844 

43472 ! 485809 



483025 



•43266 
43062 

42857 

•42653 

-42450 
42248 

42045 

41844 

.41643 

.41443 

.41243 
41044 

40845 
.40647 

40449 
40252 

40056 

39665 
39470 
39276 
39082 

38889 
38696 

38504 

38313 
38122 



487204 
488601 

490000 
491 401 
492804 
494209 
495616 

497025 
498436 

499849 
501264 
502681 

504100 
505521 




508369 
509796 

51122 
5 1 2651 
514089 

518400 
519841 
521284 

522729 
524176 



«« 



300763000 
3021 1 17 1 1 
303464448 
304821217 
306182024 

307546875 
308915776 
310288733 
31 1665752 
313046839 

314432000 
31 582 I 24 I 
317214568 
318611987 
320013504 

32141912 

32282885 

324242703 

325660672 

327082769 

328509000 
32993937' 

33« 373888 
332812557 

334255384 
335702375 

340368392 
341532099 

343000000 

344472IOI 
345948408 
347428927 
348913664 

350402625 
35I8958I6 

353393243 
354894912 

356400829 

35791 1000 
35942543' 

360944128 

362467097 
363994344 

365525875 

367061696 
36860I8I3 

370146232 

371694959 

373248000 
374805361 
376367048 
377933007 
379503424 



v« 



25.8844 

25.9037 

25.9230 
25.9422 

25-96' 5 

25.9808 
26.0000 
26.0192 
26.0384 
26.0576 

26.0768 
26.0960 
26.1 151 
26.1343 
26.1534 

26.1725 
26.1916 
26.2107 
26.2298 
26.2488 

26.2679 
26.2869 
26.3059 
26.3249 

26.3439 

26.3629 
26.3818 
26.4008 
26.4107 
26.4386 

26.4575 
26.4764 

26.4953 
26.5141 

26.5330 

26.5518 
265707 

26.5805 

26.6083 
26.6271 

26.6458 

26.6646 

26.6833 

26.702 1 
26.7208 

26.7395 

26.7582 
26.7769 

26.7955 

26.8142 

26.8328 

26.8514 
26.8701 

26.8887 

26.9072 



725 

726 
727 
728 
729 

730 

73^ 
732 
733 
734 

735 

736 
737 
738 
739 

740 

74' 
742 

743 
744 

745 

746 

747 
748 

749 

750 

751 
752 
753 
754 

755 

756 

757 
758 
759 

760 

761 
762 

763 
764 

765 

766 
767 
768 

769 

770 

77' 
772 

773 
774 

775 

776 

777 
778 
779 



1000.4 



■3793' 
•3774' 
•37552 
•37363 
•37 '74 

36986 

36799 
36612 

36426 

36240 

36054 
35870 
35685 
3550' 
353'8 

35'35 
34953 
3477' 
34590 
34409 

34228 
34048 
33869 
33690 

335" 

33333 
33' 56 

32979 
32802 

32626 

32450 

32275 
32100 

31926 
3'7S2 

3' 57? 
31406 

3' 234 
31062 

30890 

307 '9 
30548 
30378 
30208 

30039 

29870 
29702 

29534 
29366 
29199 



f^ 




2i 
28700 

28535 
28370 



525625 
527076 
528529 
529984 

53'44' 

532900 

53436X 

535824 
537289 

538756 

540225 
541696 

543'69 

544644 
546121 

547600 
549081 

550564 
552049 
553536 

555025 
556516 
558009 

559504 
561001 

562500 
564001 

565504 
567009 

568516 

570025 
571536 
573049 
574564 
576081 

577600 
579' 2 1 
580644 
582169 
583696 

5!5"5 
586756 

588289 

589824 

59 '36' 
592900 

59444' 

595984 

597529 
599076 

600625 
602176 
603729 
605284 
606S41 



381078125 
382657176 
384240583 
385828352 
387420489 

389017000 
39061 7891 
392223168 
393832837 
395446904 

397065375 
3986S8256 
400315553 
401947272 

4035834'9 

405224000 
400869021 
408518488 
410172407 
41 1830784 

4' 349362 

41516093 

416832723 

418508992 

420189749 

421875000 

42356475' 
425259008 

426957777 

428661064 

430368875 
432081216 

433798093 
4355'95'2 
437245479 

438976000 
4407 [1081 
442450728 
444194947 

445943744 

447697125 

449455096 
451217663 
452984832 
454756609 

456533000 
458314011 

4< 

461 889917 

463684824 

46548437 
46728857 

469097433 
470910952 

472729139 



v« 



26.9258 
26.9444 
26.9629 
26.9815 
27.0000 



.0185 

.0370 
•0555 

.0740 
.0924 

.1109 

•'293 

.'477 
.1662 

.1846 

.2029 
.2213 

.2397 
.2580 

.2764 

.2947 
•3'30 

'33^3 
•3496 
•3679 

.3861 

.4044 
.4226 
.4408 

•459' 

•4773 
•4955 
.5'3o 
•53'8 
.5500 

.5681 
.5862 

.6043 
.6225 

.6405 

.6586 
.6767 
.6948 
.7128 
•7308 

.7489 
.7669 
.7849 
.8029 
.8209 

.8388 
.8568 
.8747 
.8927 
.9106 



A 
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22 Table 8 {cetaimted), 

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTI 

OF NATURAL NUMBERS. 



n 



780 

781 
782 

784 

785 

786 

7^7 
788 

789 

790 

791 
792 

793 
794 

795 

796 

797 
798 

799 

800 

801 
802 
803 
804 

805 

806 
807 
808 
809 

810 

811 
812 

814 

815 

816 
817 
818 
819 

820 

821 
822 

?-3 
824 

825 

826 
827 
828 
829 

830 

831 
832 

834 



1000. 



1 



n* 



28205 608400 

28041 609961 

27877 61 1 524 

27714 613069 

2755* 614656 

27389 616225 
27226 617796 
27065 619369 
26904 I 620944 
26743 ' 622521 



26582 
26422 
26263 
26103 

25945 

25786 
25628 

25471 

25313 
25156 

25000 
24844 
24688 

24533 

24378 

24224 
24069 
23916 
23762 
23609 

23457 

23305 

23»53 
23001 

22850 

22699 
22549 
22399 
22249 
22100 

21951 

21803 
21655 
21507 

21359 

21212 
21065 
20919 
20773 
20627 

20482 

20337 
20192 
20048 
19904 



624100 
625681 
627264 
628849 
630436 

632025 
633616 
635209 
636804 
638401 

640000 
64 I 601 
643204 
644809 
646410 

648025 
649636 
651249 
652864 
654481 

656100 
657721 

659344 
660969 

662596 

664225 
665856 

667489 
669124 

670761 

672400 
674041 
675684 
677329 
678976 

680625 
6S2276 
683929 
685584 
687241 

688900 
690561 
692224 
693889 
695556 



474552000 

476379541 
47821 1768 

480048687 

481890304 

483736625 
485587656 
487443403 
489303872 
491 169069 

493039000 

4949^3671 
496793088 

498677257 

500566184 

502450875 

504358336 
506261573 
508169592 
510082399 

512000000 
5 I 392 240 I 
515849608 
517781627 
5197 18464 

521660125 
523606616 

525557943 
527514112 

529475129 

531441000 

53341 i73» 

535387328 

537367797 
539353144 

541343375 
543338490 

545338513 
547343432 
549353259 

551368000 
553387661 
555412248 
557441767 
559476224 

561 51 5625 

563559976 
565609283 
5676635^2 
569722789 

571787000 
573856191 

575930368 
578009537 
580093704 



^n 



27.9285 
27.9464 
27.9643 
27.9821 
28.0000 

28.0179 
28.0357 
28.0535 
28.0713 
28.0891 

28.1069 
28.1247 
28.1425 
28.1603 
28.1780 

28.1957 
28.2135 

28.2312 

28.2489 

28.2666 

28.2843 
28.3019 
28.3196 

28.3549 

28.3725 
28.3901 
28.4077 
28.4253 
28.4429 

28.4605 
28.4781 
28.4956 
28.5132 
28.5307 

28.5482 
28.5657 
28.5832 
28.0007 
28.61S2 

28.6356 

28.6531 
28.6705 
28.6880 
28.7054 

28.7228 

28.7402 
28.7576 
28.7750 
28.7924 

28.8097 
28.8271 
28.8444 
28.8617 
28.8791 



H 



835 

836 

837 
838 

839 

840 

841 
842 

843 
844 

845 

846 

847 
848 

849 
850 

852 

^53 
854 

855 

856 

857 
858 

859 

860 

861 
862 
863 
864 

865 

866 

867 
868 
869 

870 

871 
872 

873 
874 

875 

876 

877 
878 

879 

880 

88 r 
882 
883 
884 

885 

886 
887 
888 
889 



looaj 



9760 
9617 

9474 
9332 
9190 

Q048 
8906 
8765 
8624 
8483 

8343 
8203 

8064 

7925 
7786 

7647 

7509 

737^ 

7233 
7096 

6959 
6822 
6686 

6550 
6414 

6279 
6144 
6009 

5875 
574 » 

5607 

5473 
5340 

5207 

5075 

4943 
481 1 

4679 
4548 
4416 

4286 

4155 

4025 

3636 
3507 

3379 
3250 
3122 

2994 
2867 
2740 
2613 
2486 



697225 

698896 

00569 

02244 

03921 

05600 
07281 
08964 
10649 
12336 

14025 
15716 
17409 
19104 
20801 

22500 
24201 
25904 
27609 
29316 

3<02C 

3273^ 

34449 
36164 

37881 

39600 
41321 
43044 
44769 

46496 

48225 

49956 
516S9 

53424 
55161 

56900 
58641 
60384 
62129 
63876 

65625 

67376 
69129 
70884 
72641 

74400 
76161 

77924 
79689 
81456 

83225 

84996 
S6769 

88544 
90321 



582182875 
584277056 
586376253 
568480472 
590589719 

592704000 
594823321 
5969476S8 
599077107 
601 21 1 584 

603351125 

605495736 
607645423 

609800192 

611960049 

614125000 

616295051 

618470208 

620650477 

622S35S64 

625026375 
627222010 
629422793 
63162S712 

633839779 

636056000 
63S2773S1 
640503928 

642735647 
644972544 

647214625 
649461890 

651714363 

653972032 

656234909 

658503000 
66077631 1 
663054848 
665338617 
667627624 

669921875 
672221370 
674526133 
676S36152 

6791 51439 

681472000 
683797841 
686128968 
688465387 
690807104 

693^54125 

695^06456 
697S64103 
700227072 
702595369 



«« 



28-8964 
2S.9137 
28.9310 
28.94S2 
28-9^5 

28.9S25 
29.0000 
29X)i7z 

29-0345 
29.0517 

294)689 
29.0861 
29.1033 
29.1204 
29.1376 

29.1548 
29.1719 
29.1890 
29.2062 
29.2233 

29.2404 

29-2575 
29.2746 

29.2916 

29.3087 

2932^ 
293428 
29.3598 

29.3769 
29-3939 

29.4109 
29.4279 

29.4449 
29.461 S 

29.47S8 

29.49^ 
295127 
29.5296 
29.5466 

29-5635 

29.5804 

29-5973 
29.6142 

29.6311 

29.6479 

29.6648 
29.6816 
29.69S5 

29-7153 
29.7321 

29.7489 
29.7658 
29.7825 

29-7993 
29.8161 
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TABLE 8 (coMimuiJ). 23 

E8 OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS 

OP NATURAL NUMBERS. 



loocxi 



I.I 2360 

I.I 2231 

I.I2I08 
I.II982 
I.II857 

I.II732 
I.I 1607 
I.I 1483 

I.I 1359 
1.1123s 

I. mil 
i.ioqSS 
1.10065 
1. 10742 
1.10619 

1.10497 

1.10375 
1. 10254 
1.10132 

I.IOOII 



f^ 



792100 

793881 

795664 

797449 
799236 

801025 
802816 
804609 
806404 
808201 

810000 
811801 
813604 
815409 
817216 

819025 
820836 
822649 
824464 
826281 



1^)9890 828100 

ix>9769 829921 

1x59649 831744 

1.09529 833569 

1.09409 835396 



1.09290 
1.09170 
1.0Q051 
1x38932 
1.08814 

1.08696 
1-08578 
ix>846o 
1.08342 
1x38225 



1. 08108 85562 
ix>799i 85747 
1.07875 859329 
1.07759 i 861184 
1.07643 863041 



83722s 
839056 
840889 
842724 
844561 

846400 
848241 
850084 
851929 
853776 



1.07527 

IXJ741T 
[X37296 
[J07181 
[X37066 

1x36952 
1x36838 
1x36724 
1. 06610 
IJ06496 

[X)6:^3 

IjO(^0 

1x36157 
1.06045 
1-05932 



86490x3 
866761 
868624 
870489 

872356 

874225 
876096 

877969 
879844 
881721 

883600 
885481 

887364 
889249 

891136 



04969000 

07347971 
09732288 

12121957 

14516984 

1691737 

19323' 3' 

21734273 
24150792 

26572699 

29CX30000 

31432701 
33870808 

36314327 
38763264 

4121762c 
'43677416 
'46142643 
'48613312 
51089429 

5357 1000 
56058031 
58550528 
61048497 
6355 '944 

66060875 

68575296 
71095213 
73620632 
76151559 

78688000 
81229961 

83777448 
863^0467 
88889024 

9'453'2S 
94022776 

96597983 
99178752 

801765089 

804357000 

806954491 
809557568 

81 2166237 

814780504 

817400375 
820025856 
822650953 
825293672 
827930019 

830584000 
833237621 
835896888 
838561807 
841232384 



V^ 



29.8329 
29.8496 

29.8664 
29.8831 
29.8998 

29.9166 

299333 

29.9500 
29.9666 

299833 

30.0000 
30.0167 

300333 

30.0500 
30.0666 

30.0832 
30.0998 
30.1164 

30. '330 
30.1496 

30.1662 
30.1828 

30-1993 
30.2159 

30.2324 

30.2490 

302655 

30.2820 

30.2985 
30.3' 50 

3033*5 
30.3480 

30.3645 
303809 

303974 

30.4138 

30.4302 
30.4467 

304631 
30.4795 

304959 
305123 
305287 
305450 
30.5614 

30.5778 

305941 
30.6105 

30.6268 

30.6431 

306594 
30.6757 

30.6920 
30.7083 

30.7246 



945 

946 

947 
948 

949 

950 

95' 
952 
953 
954 

955 

956 

957 
958 

959 

960 

961 
962 

963 
964 

965 

966 
967 
968 
969 

970 

97' 
972 

973 
974 

975 

976 

977 
978 

979 

980 

981 
982 

983 
984 

985 

986 

987 
988 

989 

990 

99' 
992 
993 
994 

995 

996 

997 
998 

999 



1000.]^ 



.05820 
.05708 

.05597 
.05485 

•05374 

•05263 
.05152 
.05042 

.04932 
.04822 

.04712 
.04603 

.04493 
.04384 

.04275 

.04167 
.04058 

•03950 
.03842 

•03734 

.03627 
.03520 

.03413 
.03306 

•03'99 

•03093 
.02987 
.02881 
.02775 
.02669 

.02564 

.02459 
•02354 
.02249 
.02145 

.02041 

.01937 
•01833 

.01729 

.01626 

•01 523 
.01420 
.01317 
.01215 

X3II12 

.01010 
.00908 
.00806 
.00705 
.00604 

.00503 
.00402 
.00301 
.00200 
.00100 



ft' 



893025 
894916 
896809 
89S704 
900601 

902500 
904401 
906304 
908209 
9IOII6 

912025 

9'3936 
915849 

917764 

919681 

921600 
923521 
925444 
927369 
929296 

931225 
933 '56 

935089 
937024 

938961 

940900 
942841 
944784 
946729 
948676 

95062 

95257 

954529 
956484 

958441 

960400 
962361 
964324 
966289 
968256 

970225 
972196 
974169 
976144 
978121 

980100 
982081 
984064 
986049 
988036 

990025 
992016 
994009 
996004 
99S001 



«« 



843908625 

840590536 
849278123 

851971392 
854670349 

857375000 
860085351 
862S01408 
865523177 
868250664 

870983875 
873722816 

876467493 

879217912 

881974079 

884736000 
887503681 
890277128 

893056347 
895841344 

898632125 
901428696 
904231063 
907039232 
909853209 

91 2673000 
91 549861 1 
918330048 
921 107317 
924010424 

926859375 
9297 I 41 76 

932574833 
93544' 352 
938313739 

941192000 
9440761 41 
946966168 
949862087 
952763904 

955671625 
958585256 
961 504803 
964430272 
967361669 

970299000 
973242271 
976191488 
9791 466 C7 
982107784 

985074875 
988047936 
991026973 
99401 1992 
997002999 



V* 



30.7409 

30-7571 

307734 
30.7896 

30.8058 

30.8221 
308383 
30.8545 
30.8707 
30.8869 

30.9031 
30.9192 

309354 
30.9516 

309677 
309839 



3 
3 
3 
3 



3 
3 
3 
3 



3 
3 
3 
3 



3 
3 
3 
3 



.0000 
.0161 
.0322 
.0483 

.0644 
.0805 
.0966 
.1127 
.1288 

.1448 
.1609 
.1769 
.1929 
.2090 

.2250 
.2410 
•2570 
.2730 
.2890 

.3050 
•3209 
•3369 

•3847 
.4006 

.4166 

•4325 
•4484 

..<643 
.4802 

4960 
.5119 
.5278 

•5436 

•5595 

•5753 
.5911 

.6070 
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Tabls 0. 
LOGARITHMS. 



100 

lOI 
I02 
103 
104 

105 

106 
107 
108 
109 

110 

III 
112 

"3 
114 

115 

116 
117 
118 
119 

120 

121 
122 
123 
124 

125 

126 
127 
128 
129 

130 

»3i 
132 

133 
134 

135 

136 

138 
139 

140 

141 
142 

M3 
144 

145 

146 

148 
149 



0000 

0043 
0086 
0128 
0170 

0212 

0253 
0294 

0334 
0374 

0414 

0453 
0492 

0531 
0569 

0607 

0645 
0682 

0719 
0755 

0792 
0828 
0864 
0899 

0934 

0969 
004 
038 
072 
106 

139 
173 
206 

239 

271 

303 

3 

399 
430 

461 
492 
523 

584 

614 
644 

673 
703 

732 



0004 
0048 
0090 

0133 
0175 

0216 
0257 
0298 

0338 
0378 

0418 

0457 
0496 

0535 
0573 

061 1 

0648 
0686 
0722 

0759 

079s 
0831 

0867 

0903 

0938 

0973 
1007 

104 1 

1075 
1 109 

"43 
1 176 

1209 

1242 

1274 

^307 

1339 
1370 

1402 
'433 

1464 

1495 
1526 

1556 
1587 

1617 
1647 
1676 
1706 

1735 



0009 

0052 
0095 

0137 
0179 

0220 
0261 
0302 
0342 
0382 

0422 
0461 
0500 

0538 
0577 

0615 
0652 
0689 
0726 
0763 

0799 
0835 

0871 

0906 

0941 



0976 
on 

045 
079 

"3 

146 
179 
212 



310 
342 
374 
405 
430 

529 
SS9 
590 

620 
649 

738 



0013 
0050 
0099 
0141 
0183 

0224 
0265 
0306 
0346 
0386 

0426 
0465 
0504 
0542 
0580 

0618 
0656 

0693 
0766 

0803 

0839 
0874 
0910 

0945 

0980 
014 
048 
082 
116 

149 

216 
248 
281 

3'3 
345 

408 
440 

471 
501 

S 

593 

623 
652 
682 
711 

741 



0017 
0060 
0103 
0145 
0187 

0228 
0269 
0310 

0350 
0390 




0622 

0660 

0697 

0734 
0770 

0806 
0842 
0878 

0913 
0948 



0983 
017 
052 
086 
119 



219 



316 

348 
380 
411 

443 

474 
504 
535 



626 

^1 

714 
744 



0022 
0065 
0107 
0149 
0x91 

0233 
0273 

0314 
0354 
0394 

0434 

0473 
0512 




0626 
0663 
0700 

0737 
0774 

0810 
0846 
0881 
0917 
0952 

0986 
021 

055 



"3 

189 
222 

5 
7 

319 

3^3 
414 

446 

477 
508 

599 

629 

658 
688 
717 
746 



0026 
0069 
01 1 1 

0154 
0195 

0237 
0278 
0318 

0358 
0398 

0438 
0477 
0515 

0554 
0592 

0670 
0667 
0704 
0741 

0777 

0813 
0849 
0885 
0920 

0955 



0990 
024 
059 
092 
126 

'59 

'93 
221 

21 



290 
323 

386 

418 

449 

480 

5" 
541 
572 
602 

632 
661 
691 

720 

749 



0030 
0073 
or 16 
0158 
0199 

0241 
0282 
0322 
0362 
0402 

0441 
0481 
0510 

0558 
0596 

0633 
0671 

0708 

0745 
0781 



0817 




0924 
0959 

0993 
028 

062 

096 

129 



229 
261 

294 
326 

3^ 
421 

452 

483 
514 
544 



694 
723 
752 



8 



0035 
0077 

0120 

0162 

0204 

0245 
0286 
0326 
0366 
Q406 

0445 
0484 

0523 
0561 

0599 

0637 
0674 
071 1 
0748 
0785 

0821 
0856 
0892 
0927 
0962 



0997 

099 
'33 



166 

'99 
232 

265 
297 

329 
361 

392 
424 

455 

486 

5'7 
547 



726 

755 



9 



0019 
0082 
0124 
0166 
0208 

0249 
0290 

033P 
0370 

0410 

0449 
0488 
0527 
0565 
0603 

0641 
0678 
0715 




0824 
0860 
0896 



000 
103 

I TO 



169 
202 

m 

300 



641 
670 

700 
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LOGARITHMS. 






V. 





1 


1 

2 


3 


4 


5 


6 


7 


8 


9 


10 


ISO 


1 761 


1764 


1767 


1770 


1772 


'Z7S 


1778 


1781 


1784 


1787 


1790 


«s« 


1790 


1793 


1796 


1798 


1801 


1804 


1807 


1810 


1813 


1816 


1818 


152 
153 

»54 


1818 
1847 
1875 


1821 
X850 
1878 


1824 


1827 


1830 
1858 
1886 


1889 


1836 

1864 
1892 


1838 
1867 

189s 


1841 
1870 
1898 


1844 
1872 
1901 


1847 
1875 
'903 


155 


1903 


1906 


1909 


1912 


1915 


1917 


1920 


1923 


1926 


1928 


1931 


156 


i93« 
1959 


1934 
1962 


1937 
1965 


1940 
1967 


1942 
1970 


'945 
1973 


1948 
1976 


1 95 1 
1978 


'953 
1981 


19156 
1984 


«959 
I9»7 


158 


1987 


1989 


1992 


1995 


1998 


2000 


2003 


2006 


2009 


201 1 


2014 


«59 


2014 


2017 


2019 


2022 


2025 


2028 


2030 


2033 


2036 


2038 


2041 


,M0 


2041 


2044 


2047 


2040 


2052 


20« 
2082 


2057 
2084 


2060 


2063 


2066 


2068 


161 


2068 


2071 


2074 


2076 


2079 


2087 


2090 


2092 


2095 


162 


209S 


2098 


2101 


2103 


2106 


2109 


2111 


2114 


2117 


21 19 


2122 


163 


2122 


2125 


2127 


2130 


2133 


2135 
2102 


2138 
2164 


2140 


2143 


2146 


2148 


164 


2148 


2151 


2154 


2156 


2159 


2167 


2170 


2172 


2175 


.355 


2175 


2177 


2180 


2183 


2185 


2188 


2 191 


2193 


2196 


2198 


220X 


. 166 


2201 


2204 


2206 


2209 


2212 


2214 


2217 


2219 


2222 


2225 


2227 


'S 


2227 


2230 


.2232 


22^5 
2261 


2238 
2263 


2240 


2243 


2245 


2248 


2251 


2253 


168 


2253 


2256 
2281 


2258 
2284 


2266 


2269 


2271 


2274 


2276 


2279 


169 


2279 


2287 


2289 


2292 


2294 


2297 


2299 


2302 


2304 


110 


2304 


2307 


2310 


2312 


23^5 


2317 


2320 


2322 


2325 


2327 


2330 


I7t 


2330 


2333 
2358 

2383 
2408 


2335 
2360 


2338 

2388 


2340 


m 


2345 


23*8 


2350 


2353 
2378 


2355 


17a 


23^ 


2365 


2370 


2373 
2398 


2375 


2380 


«73 


2385 


2390 


2393 
2418 


2395 


24CX> 


2403 
2428 


2405 


■74 

• 


2405 


2410 


2413 


2415 


2420 


2423 


2425 


2430 


»s 


2430 


2433 


2435 
2400 


2438 
2463 


2440 


2443 


2445 


2448 


2450 


2453 


2455 
2480 


176 


245s 
2480 


2458 


2465 


2467 


2470 


2472 


2475 


2477 


^ 


2482 


2485 


2487 


2490 


2492 


2494 


2497 


2499 


2502 


2504 


2504 


2507 


2509 


2SI2 


2514 


2516 


2519 


2521 


2524 


2526 


2529 


179 


2529 


2531 


2533 


2536 


2538 


2541 


2543 


2545 


2548 


2550 


2553 


180 


2553 


2555 


2sc8 


2560 


^5^ 


2565 


2567 


2570 


2572 


2574 


2577 


i8e 
182 


2001 


2579 
2603 


2C82 


2584 
2608 


2586 
2610 


2636 
2660 


2591 
2615 


2594 
2617 


2596 
2620 


2598 
2622 


2601 
2625 


"53 


2625 
2648 


2627 


2629 


2632 


2634 


2602 


2641 


2643 2646 


2648 


1S4 


2651 


2653 


2655 


2658 


2665 


2667 


2669 


2672 


185 


2672 


2674 


2676 


2679 


2681 


2683 


2686 


2688 


2690 


2693 


2695 

2718 


186 


2695 
2718 


2697 


2700 


2702 


2704 


2707 


2709 


2711 


2714 


2716 


S 


2721 


2723 
2746 


2725 


2728 


2730 


2732 


2735 
2758 

2781 


2737 


2739 


2742 


2742 


2744 


2749 


2751 


2753 
2776 


2755 
2778 


2760 


2762 


2765 
2788 


189 


2765 


2767 


2769 


2772 


2774 


2783 


2785 


J90 


2788 


2790 


2792 


2794 


2797 


2799 


2801 


2804 


2806 


2S0S 


2810 


191 


2810 


2813 


2815 


2817 


2819 


2822 


2824 


2826 


2828 


2831 


2833 


191 


2833 


2835 


2838 


2840 


2842 


2844 


2847 


2849 


2851 


2876 


2856 


193 


2856 


28|8 


2800 


2862 


2865 


2867 


2869 


2871 


2874 


2878 


W 


2878 


2880 


2882 


2885 


2887 


2889 


2891 


2894 


2896 


2898 


2900 


185 


2900 


2903 


2905 


2907 


2909 


2911 


2914 


2916 


2918 


2920 


2923 


195 


2923 


2925 


2927 


2929 


2931 


2934 


2936 


2938 


2940 


2942 


2945 


:^ 


2945 
•967 


2959 


2949 
2971 


2951 
2973 


2953 
2975 


2956 
2978 


2958 
2980 


2960 
2982 


2962 

2984 


2964 
2986 


2967 
2989 


«99 


2989 


2991 


2993 


2995 


2997 


2999 


3002 


3004 


3006 


3008 


3010 
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Table 10. 
LOGARITHMS. 



N 

10 

II 

12 

13 
14 





1 


2 


3 


4 


5 


6 


7 


8 


9 


P.P. 1 


1 

4 
4 
3 
3 
3 


2 

8 
8 

7 
6 

6 


3 

12 
II 
10 
10 

9 


4 

17 

15 

14 

13 
12 


5 


0000 

0414 
0792 

J 139 
1461 


0043 

0453 
0828 

^^73 
1492 


0086 
0492 
0864 
1206 

1523 


0128 

0531 
0899 
"39 
»553 


0170 
0569 

0934 
1271 

1584 


0212 
0607 
0969 

^303 
1614 


0253 

0645 
1004 

>335 
1644 


0204 
0682 
1038 
1307 
1673 


0334 
0719 

1072 

1399 
1703 


0374 
0755 

MOD 

M30 
1732 


;»9 
J? 
16 

«5 


15 

16 

17 
18 

19 


1761 
2041 

2304 


1790 
2068 

2330 
2577 
2810 


1818 
2095 

2355 
2601 

2833 


1847 
2122 
2380 
2625 
2856 


1875 
2148 
2401; 
264^ 
2878 


1903 
2175 

2430 

2672 

2900 


1931 
2201 

2455 
2695 
2923 


1959 
2227 

2480 

2718 

2945 


1987 

2253 
2504 
2742 

2967 


2014 
2279 
2529 
2765 
2989 


3 

3 

2 

2 
2 


6 

5 

5 
5 

4 


8 
8 

7 
7 

7 


11 
II 

10 

9 
9 


M 

12 
It 


20 

21 
22 

23 
24 


3010 
3222 

3424 

3617 
3802 


3032 

3243 
3444 
3636 
3^20 


3^54 
3263 
3464 
3655 
3838 


307s 
3284 
3483 
3674 
3856 


3096 

3304 

3502 

3692 
3874 


31 18 

3324 
3522 

3892 


3139 
3345 
3541 
3729 
3909 


3160 

3365 
3560 

3747 
3927 


3181 
3385 

3766 
3945 


3201 

3404 
3598 
3784 
3962 


2 
2 
2 
2 
2 


4 
4 
4 
4 
4 


6 
6 
6 

5 
5 


8 10 
8 10 

7 9 
7 9 


25 

26 
27 
28 
29 


3979 
4150 

43«4 
4472 
4624 


4166 

4330 
4487 

4639 


4014 

4183 
4346 
4502 

4654 


4031 
4200 
4362 
4518 
4669 


4048 
4216 
4378 

4533 
4683 


406S 
4232 

4393 
4548 
4<398 


4082 
4249 
4409 

4564 
4713. 


4099 

4265 

4425 

4579 
4728 


4116 
4281 
4440 

4594 
4742 


4133 
4298 

4456 
4609 

4757 


2 
2 
2 
2 
I 


3 
3 
3 
3 
3 


5 
5 
5 
5 
4 


7 

7 
6 

6 

6 


! 

8 
8 

7 


30 

31 
32 
33 
34 


4771 
4914 

5185 
5315 


4786 
4928 
So6s 
5198 
5328 


4800 

4942 
5079 
5211 
5340 


4814 

4955 
5092 
5224 
5353 


4829 
4969 

5105 


4843 

4983 
5119 

5250 

5378 


4857 
4997 
5»32 
5263 
5391 


4871 
501 1 

5145 
5276 

5403 


4886 
5024 

5159 
5289 

5416 


4900 

5038 
5172 

5302 
5428 




3 
3 
3 
3 
3 


4 
4 
4 

4! 
4 


6 
6 

5 

5 
5 


7 
7 
7 
6 
6 


35 

36 

37 
38 
39 


5441 

5682 

5798 
591 1 


5453 
5575 
5694 
5809 

5922 


5465 

5587 
5705 
5821 

5933 


5478 
5599 
57'7 
5832 
5944 


549C> 
5611 

5729 
5843 
5955 


5502 

5623 
5740 

5855 
5966 


5514 
5^35 

5866 
5977 


5527 

5647 

5763 

5877 
5988 


5999 


5670 
5786 

5899 
6010 




2 
2 
2 
2 
2 


4 
4 
3 
3 
3 


5 
5 
5 
5 
4 


t 
6 
6 
6 


40 

41 
42 

43 
44 


6021 
6128 
6232 

6335 
6435 


6031 
6138 

6243 

6345 
6444 


6042 
6149 

6253 
6355 
6454 


6^^ 

6263 
6464 


6064 
6170 
6274 

6375 
6474 


6075 
6180 
6284 

^3?5 
6484 


6085 
6r9i 
6294 

6395 
6493 


6096 
6201 
6304 
6405 

6503 


6107 
6212 

6314 
6415 
65'3 


61 17 
6222 

6325 

6425 
6522 




2 
2 
2 
2 
2 


3 
3 
3 
3 
3 


4 
4 
4 
4 
4 


c 


45 

46 

47 

49 


6628 
6721 
6812 
6902 


6542 
6637 
6730 
6821 
6911 


6646 

6739 
6830 

6920 


6561 
6656 

6749 
6839 

6928 


6571 
6665 
6758 
6848 

6937 


6580 

6675 
6767 

6857 
6946 


6590 

6084 

6776 
6866 

6955 


6599 
6693 

6785 

6875 
6964 


6609 
6702 
6794 
6884 
6972 


6618 
6712 
*o3 




2 
2 
2 
2 

2 


3 
3 
3 
3 
3 


4 
4 
4 
4 

4 




50 

51 
52 

53 
54 


6990 
7076 
7160 

7243 
7324 


6998 
7084 
7168 
7251 

7332 


7007 

7093 
7177 
7259 
7340 


7016 
7101 
7185 
7267 
7348 


7024 
7110 

7193 
7275 
7356 


7033 
7118 
7202 
7284 
7364 


7042 
7126 
7210 

7292 
7372 


7050 

7^35 
7218 

7300 

7380 


7059 

7143 
7226 

7395 
7388 


7067 
7152 

7235 
73»6 

7396 




2 
2 
2 
2 
2 


3 

3 

2 

2 
2 


3 
3 
3 
3 
3 
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Mr 





1 


2 


3 


4 


5 


6 


7 


8 


9 


P.P. I 


^- 


1 


2 

2 

2 
2 


3 

2 
2 
2 
2 
2 


4 

3 
3 
3 
3 
3 


5 

4 
4 
4 

4 
4 


56 

57 
58 
59 


7404 
7482 

7559 
7034 
7709 


741a 

7490 
7566 

7642 

7716 


74x9 

7497 

7574 
7649 

7723 


7427 

7505 
7582 

7657 
7731 


7435 
75»3 

7738 


7443 
7520 

7597 
7672 

7745 


7451 
7528 
7604 
7679 

7752 


7459 
7536 
7612 

7686 
7/60 


7466 

7543 
7619 

7694 
7767 


7474 

7627 
7701 

7774 


64 


7782 
7853 
79^ 

8062 


7789 
7860 

793 « 
8000 

8069 


779^ 
7868 

7938 
8007 

807s 


7803 

7875 

7945 
8014 

8082 


7810 
7882 

7952 
8021 

8089 


7818 
7889 

Z959 
802S 

8096 


1 

7966 
8035 
8102 


7832 

7903 

7973 
8041 

8109 


7839 
7910 

Z9^2 
8048 

8116 


7846 

7917 
7987 

805s 
8x22 






2 
2 

2 
2 
2 


3 
3 
3 
3 
3 


4 
4 
3 
3 
3 


€5 

66 

67 
6S 

69 


8129 

till 


8136 
8202 
8267 
8331 
839s 


8142 

8209 

8274 

8338 
8401 


8149 
8215 

8280 

8344 
8407 


8156 
8222 
8287 

8351 
8414 


8162 

8228 
8293 

8357 
8420 


8169 
823s 

8426 


8176 
8241 
8306 
8370 
8432 


8182 
8248 
8312 
8376 
8439 


8189 
8254 

f3i9 
8382 

8445 






2 
2 
2 

2 
2 


3 
3 
3 
3 
3 


3 
3 
3 
3 
3 


70 

71 

73 
74 


8451 
8513 

!573 
8692 


8457 
8519 


8463 8470 
?525 8531 

8704 8710 . 


8476 
8537 

Pi 

8716 


8482 

8603 
8663 
8722 


8488 

8549 
8609 
8669 
8727 


8494 

m 
8675 
8733 


8500 
8561 
8621 
8681 

8739 


8506 
8567 
8627 
8686 

8745 






2< 

2 
2 

2 
2 


»2 

2 
2 
2 

2 


3 
3 
3 
3 
3 


75 

76 

77 
78 

79 


8751 
8808 

8865 

8921 

8976 


8871 
8927 
8982 


8762 

8820 
8876 

1^7 


8768 
8825 
8882 
8938 
8993 


8774 
8871 

8887 

8943 
8998 


8779 8785 
8837 8842 

8893 8899 

8949 8954 
9004 9009 


8791 
8848 

8904 
8960 
9015 


8797 

8854 
8910 

8965 
9020 


8802 

8859 

8915 
8971 

9025 






2 
2 
2 

2 
2 


2 
2 
2 
2 
2 


3 
3 
3 
3 
3 


80 

81 
82 

84 


90; 1 

9085 

9138 
9191 

9243 


9036 
9090 

9'43 
9196 
9248 


9042 
9096 
9149 
9201 

9253 


9047 
9101 

9154 
9206 

9258 


9053 
9106 

9159 
9212 

9263 


9058 

9II2 

9165 
9217 
9269 


9063 
91 17 
9170 
9222 

9274 


9069 
9122 

9175 
9227 

9279 


9074 
9128 

9180 

9232 

9284 


9079 

9'33 

9186 

9238 
9289 






2 
2 
2 
2 
2 


2 
2 
2 

2 
2 


3 
3 
3 
3 
3 


85 

86 

88 
89 


9294 
9345 
9395 
9445 
9494 


9299 
9350 
9400 

9450 
9499 


9304 

9355 
9405 
9455 
9504 


9309 
9360 
9410 
9460 
9509 


9315 

9365 

9415 
9465 

9513 


9320 

9370 
9420 

9469 

9518 


9325 
9375 
9425 
9474 
9523 


9330 
9380 

9430 
9479 
9528 


9335 

9385 

5435 
9484 

9533 


9340 

9390 
9440 

9489 

9538 









2 

2 


2 
2 
2 
2 

2 


3 

3 
2 

2 

2 


90 

91 
92 
93 

94 


954* 

95^ 

96^5 
9731 


9547 
9595 

9689 
9736 


9552 9557 
9000 9605 

9647 9652 
9694 9699 

9741 9745 


9562 
9609 

9657 
9703 
9750 


9566 

9614 
9661 

9708 

9754 


9571 
9619 

9666 

9713 
9759 


9576 
9624 
9671 

9717 
9763 


'A 

9675 
9722 

Q768 


9680 

9727 

9773 













2 
2 
2 
2 
2 


2 
2 
2 
2 

2 


85 

96 

99 


9777 
9823 
9868 
9912 
9956 


9782 

9827 
9872 

9917 
9961 


9786 

9832 

9877 
9921 

99^5 


9791 

98^1 
9926 
9969 


9795 
9841 
9886 

9930 
9974 


9800 

9845 
9890 

9934 
9978 


980s 
9850 

9894 
9939 
9983 


9809 

9854 
9899 

9943 
9987 


9814 
9859 

9903 
9948 

9991 


9818 

9863 

9908 

9952 
9996 













2 
2 
2 
2 

2 


2 
2 
2 
2 
2 
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.00 

.01 
.02 

•03 
.04 

.05 

.06 

.07 
.08 

.09 

.10 

.11 
.12 

•13 
.14 

J.5 

16 

17 
18 

19 

20 

21 
22 

23 
24 

25 

26 
27 
28 

29 

30 

31 
32 
33 
34 

35 

36 

38 
39 

40 

41 

42 

43 
44 

45 

46 

47 
48 

49 



8 9 



199s 
2042 

2089 

2138 

2188 

2239 
2291 

2344 
2399 
2455 

2512 

2570 
2630 

2692 
2754 

2818 
2884 
2951 
3020 

3090 



P. P 
2 3 



1000 


1002 ] 


[OOj I 

1028 I 


1023 


1026 1 


1047 


1050 1 


[052 I 


1072 


1074 ] 


[076 I 


1096 


1099 ] 


[I02 I 


II22 


II25 1 


[1 27 I 


1 148 


1151 1 


1180 I 


"75 


II78 ] 


1202 


1205 ] 


[208 I 


1230 


1233 J 


[236 I 


"5? 


1262 ] 


[265 I 


1288 


I29I ] 


[294 I 


1318 


1321 1 


[324 I 


1349 


1352 ) 


f355 I 
1387 I 


1380 


1384 1 


1^13 


I416 '1 


[419 I 


1445 
1479 


1449 ] 
1483 ] 


[452 I 
[486 I 


1514 


I517 1 


[521 I 


1549 


1552 J 


[556 I 


ic8s 

1022 


T589 ] 
1626 1 


[592 I 
[629 I 


1660 


1663 1 


[667 I 


1698 


1702 ] 


[706 I 


1738 


1742 J 


[746 I 


1778 


1782 ] 


1786 I 


1820 


1824 ] 


[828 I 


1862 


1866 1 


[871 I 


1905 


I91O 1 


1914 1 


1950 


1954 1 


'959 > 



2000 
2046 

2094 

2143 
2193 

2244 

2296 

2350 

2404 
2460 

2518 
2576 

2636 

2698 

2761 

2825 
2891 

2958 
3027 

3097 



2004 
2051 
2099 
2148 

2198 
2249 

2301 

2355 

2410 
2466 

^523 
2582 

2642 

2704 

2767 

2831 
2897 
2965 

3034 
3105 



007 

030 

054 
079 

104 

183 
211 

239 

268 

297 
327 
358 
390 

422 

489 

524 
560 

596 

633 
671 

710 
750 

791 

832 

875 
919 

963 



2009 

2056 
2104 

2153 
2203 

2254 
2307 
2360 

2415 
2472 

2649 
2710 

2773 

2838 
2904 
2972 

3041 
3112 



1009 

1033 
1057 

1081 

1107 

1 132 

1186 
1213 
1242 

1271 
1300 

1330 
1 361 

1393 

1426 

1459 

«493 
1528 

1563 

1600 

1637 
1675 

1714 
1754 

1795 
1837 
1879 




2014 
2061 
2109 
2158 
2208 



2259 
2312 
2366 
2421 

2477 

2535 
2594 
2655 
2716 
2780 

2844 
291 1 

2979 
3048 

3"9 



012 1014 

03s 1038 

059 1062 

084 1086 

109 1112 



189 
216 

245 

274 
303 
334 
365 
396 

429 
462 
496 

5, 



07 



603 
641 
67Q 
718 

758 

799 
841 

884 

928 

972 



2018 
2065 
2113 
2163 
2213 

2265 

2317 
2371 
2427 
2483 

2541 
2600 

2661 

2723 
2786 

2851 
2917 

2985 

3055 
3126 



11^ 
1104 
1 191 
1219 

1247 

1276 
1306 

1368 
1400 



1432 
1466 
1500 

»535 
1570 

1607 
1644 
1683 
1722 
1762 

1803 

1845 
1888 
1932 
1977 

2023 
2070 
2118 
2168 
2218 

2270 

2323 
2377 
2432 
2489 

2547 
2606 

2667 

2729 

2793 

2858 
2924 
2992 
3062 

3*33 



IOI6 ] 


roi9 I 


1040 ] 


[042 I 


1064 ^ 


[067 I 


1089 ] 


[091 I 


1114 1 


[117 I 


1 140 ] 


IM3 I 


II67 ] 


1169 I 


II94 ] 


[197 I 


1222 1 


[225 I 


1250 ] 


1253 1 


1279 1 


[282 I 


1309 J 


[312 I 


1340 ] 


1343 I 


1371 1 


1374 I 


1403 1 


[406 I 


1435 J 
1469 1 


[439 I 
1472 I 


1503 1 


[507 I 


1538 ] 


1542 I 


1574 3 


[578 I 


161 1 1 


[614 I 


1648 1 


[652 I 


1687 1 


690 I 


1726 1 


730 I 


1766 1 


1770 I 


1807 ] 


[811 I 


1849 J 


1854 I 


1892 ] 


[897 I 


1976 1 


t94i I 


1982 ] 


[986 I 



021 o 

045 o 

009 o 

094 o 

119 o 

146 o 

172 o 

199 o 

227 o 

256 o 

285 o 

315 o 

346 o 

377 o 

409 o 

442 o 

476 o 

510 o 

545 o 

581 o 

618 o 

656 o 

694 o 

734 o 

774 o 

816 o 

858 o 

901 o 

945 o 

991 o 



2028 2032 20J7 o 

2075 2080 2004 o 

2123 2128 21^3 o 

2173 2178 2183 o 

2223 2228 2234 I 

227c 2280 2286 

2328 2373 2339 

2382 2388 2393 

2438 2443 2449 

2495 2500 2506 

2553 2559 2|64 

2612 2618 2624 

2673 2679 268i 

2735 2742 2748 

2799 2805 2812 

2864 2871 2877 

2931 2938 2944 

2999 3006 3013 

3069 3076 3083 

3141 3148 3155 



o 
o 
o 
o 
I 



2 
2 
2 
2 
2 

2 

2 

2 
2 
2 

2 
2 
2 
2 
2 
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Table 12. 














ANTILOQARITHMS. 











1 


2 


3 


4 


5 


6 


7 


8 


9 


20 


.900 


7943 


7945 


7947 


7949 


7951 
7969 


7952 


7954 


7956 


7958 


7960 


79^ 


.901 


7962 


7963 


7965 


7967 


7971 


7973 


7974 


7976 


7978 


79to 


.902 


7980 


7982 


7984 


7985 


7987 


7989 


799« 


7993 


7995 


7997 


79* 


•903 


7998 


8000 


8002 


8004 


8006 


8008 


8028 


8011 


8013 


8015 


&it 


904 


8017 


8019 


8020 


8022 


8024 


8026 


8030 


8032 


8033 


80JS 


.905 


8035 


8037 


8039 


8041 


8043 


8045 


8046 


8048 


8050 
8069 


8052 


^ 


.906 


8054 


8056 1 8057 


^59 


8061 


8063 


8065 


8067 


8070 


8^ 


.907 


8072 


8074 i 8076 


8078 


8080 : 8082 


8084 


8085 


8087 


8089 


8o9t 


.908 


8091 


8093 


8095 


8097 


8098 


8100 


8102 


8104 


8106 


8108 


8110 


.909 


81 10 


81 1 1 


81 13 


8115 


8117 


8119 


8121 


8123 


8125 


8126 


811I 


.910 


8128 


8130 


8132 


8134 


8136 


8138 


8140 


8141 


8143 


8145 


81A 


.911 


8147 


8149 


8151 


8153 


8155 


8156 


8158 


8160 


8162 


8164 


siiS 


•912 


8166 


8168 


8170 


8171 


8173 


8175 


8177 


817Q 


8181 


8183 


8i8s 


•913 


8185 


8187 


8188 


8190 


8192 


8194 


8196 


8198 


8200 


8202 


8204 


.914 


8204 


8205 


8207 


S209 


821 1 


8213 


8215 


8217 


8219 


8221 


832> 


.915 


8222 


8224 


8226 


8228 


8230 


8232 


8234 


8236 


8238 


S 


^ 


.916 


8241 


8243 


8245 


8247 


8249 


8251 


8253 


8255 


8257 


•917 


8260 


8262 


8264 


8266 


8268 


8270 


8272 


8274 


8276 


8278 


8279 


.918 


8279 


8281 


8283 


8285 


8287 


8289 


8291 


8293 


8295 


8297 


8m 


•9«9 


8299 


8300 


8302 


8304 


8306 


8308 


8310 


8312 


8314 


8316 


m 


.920 


8318 


8320 


8321 


8323 


8325 


8327 


8329 


833' 


8333 


8335 


8337 
83S& 


.921 


^337 


P^2 


?34i 


PP 


8344 


8346 


8348 


8350 


8352 


8354 


.922 


8356 


8358 


8360 


P^' 


8364 


8366 


8368 


8370 


8371 


8373 


8375 


•923 


8375 


8377 


Pn 


8381 


8383 


8385 


8387 


8389 


8391 


8393 


839s 


•924 


S395 


8397 


8398 


8400 


8402 


8404 


8406 


8408 


8410 


8412 


843 


.925 


8414 


8416 


8418 


8420 


8422 


8424 


8426 


8428 


8429 


843* 


8431 


.926 


8433 


8435 


8437 


8439 


8441 


8443 


8445 


8447 


8449 


8451 


84S 


.927 


8453 


8455 


8457 


^59 


8461 


8463 


8464 


8466 


8468 


8470 


84Jm 


.928 


8472 


8474 


8476 


8478 


8480 


8482 


8484 


8486 


84B8 


8490 


849Q 


.929 


8492 


8494 


8496 


8498 


8500 


8502 


8504 


8506 


8507 


8509 


8SM 


.930 


851 1 


8513 


8515 


8517 


8519 


8521 


8523 


8525 


8527 


8529 


Ssyt 


•931 


8531 


8533 


8535 


8537 


8539 


8541 


8543 


8545 


8547 


Is^ 


8ss> 


•932 


8551 


8553 


8555 


^557 


8559 


8561 


8562 


8564 


8566 


8574 


•933 
•934 


8570 
8590 


8572 
8592 


8574 
8594 


8576 
8596 


5578 
8598 


8580 
8600 


8582 
8602 


lit 


8586 
8606 




8^ 


.935 


8610 


8612 


8614 


8616 


8618 


8620 


8622 


8624 


8626 


8628 


8^ 


•936 


8630 


f^^- 


8634 


^^^^ 


8638 


8640 


8642 


8644 


8646 


8648 


8^2 


•937 


8650 


!^52 


8654 


8656 


8658 


8660 


8662 


8664 


8666 


8668 


8§3 


.938 


8670 


8672 


8674 


8676 


8678 


8680 


8682 


8684 


8686 


8688 


86m 


•939 


8690 


8692 


8694 


8696 


8698 


8700 


8702 


8704 


8706 


8708 


9jm 


.940 


8710 


8712 


8714 


8716 


8718 


8720 


8722 


8724 


8726 


8728 


g^J 


.941 


8730 


8732 


8734 


8736 


8738 


8740 


8742 


8744 


8746 


8748 


87f3 


.942 


8750 


8752 


8754 


^756 


8758 


8760 


8762 


8764 


8766 


8768 


87S 


•943 


8770 


8772 


8774 


8776 


8778 


8780 


8782 


8784 


8786 


8788 


9ym 


•944 


8790 


8792 


8794 


8796 


8798 


8800 


8802 


8804 


8806 


8808 


Am 


.945 


8810 


8813 


8815 


8817 


8819 


8821 


8823 


8825 


8827 


8829 


ttjK 


.946 


8831 


^P^ 


fo^^ 


!'^^7 


2^39 


8841 


8843 


8845 


8847 


8849 


sasi 


.947 


8851 


fl'^^ 


885s 
8876 


!257 


ig 


8861 


8863 


8865 
8886 


8867 


8870 


o^W 


.948 


8872 


8874 


8878 


8882 


8884 


8888 


8890 


ff^ 


.949 


8892 


8894 


8896 


8898 


8900 


8902 


8904 


8906 


8908 


8910 


85 
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ANTILOQARITHM8. 











1 


2 


3 


4 


5 


6 


7 


8 

8929 


9 


10 


sso 


S913 


8915 


8917 


8919 


8921 


8923 


8925 


8927 


8931 


8933 


-951 


«933 


^^1 
8956 


8937 


1^ 


8941 


8943 


8945 


8947 


8950 


8952 


8954 


«2 

■953 


S954 


M 


8962 


8964 


8966 


8968 ' 8970 


8972 


8974 


8974 


8976 


8978 


8980 


8983 


8985 i 8987 


8989 


8991 


8993 


8995 • 


[ -954 


8995 


8997 


8999 


9001 


9003 


9005 


9007 


9009 


9012 


9014 


9016 


I -955 


9016 


9018 


9020 


9022 


9024 


9026 


9028 


9030 


9032 


9034 


9036 


1 .956 


9036 


9039 


9041 


9043 


9045 


9047 


9049 


9051 


9053 ' 9055 
9074 9076 


9057 


1 -937 


9057 


9059 
9080 


9061 


9064 


9066 


9068 


9070 


9072 


9078 


r .958 


9078 


9082 


9084 


9087 


9089 


9091 


9093 


9095 
9116 


9097 


9099 


1 -959 


9099 


9101 


9103 


9105 


9108 


91 10 


9112 


9114 


9118 


9120 


1 J960 


9120 


9122 


9124 


9126 


9129 


9»3' 


9'33 


913s 
9156 


9137 


9139 
9160 


9141 


1^1 


9141 


9143 


9166 


9147 


9150 


9152 


9154 


9158 


9162 




9162 


9164 


9169 


9171 


9173 


9175 


9177 


9179 


9181 


9183 


I4963 


9183 


9185 


9188 


9190 


9192 


9194 


9196 


9198 


9200 


9202 


9204 


I 


9204 


9207 


9209 


9211 


9213 


9215 


9217 


9219 


9221 


9224 


9226 


Es65 


9226 


9228 


9230 


9232 


9234 


9236 


9238 
9200 


9241 


9243 


9260 


9247 


i-^ 


9^2 


9249 


9251 


9253 


9256 


9258 


9262 


9264 


9268 


1-^ 


9268 


9270 


9273 


9275 
9296 


9277 


9279 


9281 


9283 


9285 


9288 


9290 


1^ 


9290 


9292 


9294 


9298 


9300 


9303 


9305 
9326 


9307 


9309 


931 1 


1^969 


93" 


93»3 


93'5 


9318 


9320 


9322 


9324 


9328 


9330 


9333 


EsTO 


9333 


9335 
9350 


9337 


9339 
930' 


9341 


9343 


9345 


9348 


9350 


9352 


9354 


■ •971 


9354 
9370 


9358 


9363 


1$ 


9367 


9369 


9371 


9373 


9376 


■ •972 


9378 




9382 


9384 


9389 


9391 


9393 9395 


9397 


■ -973 


9397 


9399 


9402 


9404 


9406 


9408 


9410 


9412 


9415 
9430 


94»7 


9419 


■ •974 


9419 


9421 


9423 


9425 


9428 


9430 


9432 


9434 


9438 


9441 


■J75 


9441 


9443 


9445 


9447 


9449 


9451 


9454 


9456 


9458 


9460 


9462 


■^976 


9462 


IS 


9467 


9469 


9471 


9473 


9475 


9478 9480 9482 


9484 


■'•97^ 


9484 


9489 


949' 


9493 


9495 


9497 


9499 9502 , 9504 


9506 


9506 


9508 


9510 


95>3 


95>5 


9517 


9519 


9521 


9524 1 9526 


9528 


■•979 


9528 


9530 


9532 


9535 


9537 9539 


9541 


9543 


9546 9548 


9550 


■ 960 


9550 


9552 


9554 


9557 


9559 
9603 


9561 


9563 


9565 


9568 9570 


9572 


U2 


9572 
9594 


9574 
9596 


9576 


9579 
9601 


9583 


9585 


9587 
9609 


9590 9592 
9612 , 9611 

9<>34 9630 


9594 
9616 


■% 


9616 


9618 


9621 


9623 


9625 


9627 


9629 


9632 


963S 




9638 


9641 


9643 


9645 


9647 


9649 


9652 


9654 


9656 9658 


9661 


■MS 


9661 


9663 


9665 


9667 


9669 


9672 


9674 


9676 


9678 9681 


96S3 


■i!^ 


9683 


9685 


9687 


9689 


9692 


9694 


9696 


9698 9701 1 9703 


9705 


m'& 


9705 


9707 


9710 


9712 


9714 


9716 


9719 


9721 


9723 1 9725 
9745 9748 


9727 


m^ 


9727 


9730 


9732 


9734 


9736 


9739 
97C1 


9741 


9766 


9750 


■^ 


9750 


9752 


9754 


9757 


9759 


9763 


9768 


9770 


9772 


■JBO 


9772 


9775 


9777 


9779 
9802 


9781 


9784 


9786 


9788 


9790 


9793 


9795 


■^1 


9795 


9797 


9799 


9804 


9806 


9808 


98" 


983S 


9815 


9S17 


■'99S 


9817 


9820 


9822 


9824 


9827 


9829 


9831 


985^ 
9879 


9838 


9S40 


■ •993 

■ 494 


9840 
9863 


9842 
9865 


9867 


9847 
9870 


9849 
9872 


9851 
9874 


%i 


^ 


9861 
9883 


9886 


mM95 


9886 


9S88 


9890 


9892 


989s 


9897 9899 


9901 9904 


9906 


9908 


■^ 


9908 


991 1 


9913 
9936 


99»S 


9917 9920 


9922 


9924 


9927 


9929 


993 » 


99 


993 « 


9933 
9956 
9979 


993^ 


9940 


9943 


9945 
9968 
9991 


9947 


9949 ' 9952 


9954 


9954 
9977 


9959 
9982 


9984 


»> 


9988 


9970 
9993 


9972 ■ 9975 

9995 i 9998 

1 


9977 
0000 
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TA0LC 13. 







CIRCULAR (TRIQONOMETRIC) FUNCTIONS. 




1 






(Taken from B. 0. Peiree*s " Short Tmble of Integnls," Ginn ft Co.) 


2< 


4 




SINES. 


COSINES. 


TANGENTS. 


COTANGENTS. 






NaL 


Log. 


Nat. Log. 


Nat 


Log. 


Nat. 


Log. 


0.0000 


6*00' 


.0000 


00 


1.0000 0.0000 


.0000 


00 


ao 


00 


9o»\xy 


1.5708 


0.0029 
0.0058 

0.0087 


10 


.0029 


7-4637 


1.0000 .0000 


.0029 


7.4637 


343-77 
171.89 


25363 


50 


T.5m 


20 


.00^ 


.7648 


1.0000 .0000 


.00^8 


.7648 


.2352 


40 


1.56SD 


30 


.00^7 


0-9405 


1. 0000 .0000 


.0007 


s!^ 


114.59 


.0591 


30 


1.5621 


0.01 16 


40 


.0116 


8.0658 


•9999 .0000 


.0116 


85.940 
68.750 


1.9342 
.8373 


20 


'-55? 


aoi45 


50 


.0145 


.1627 


.9999 .0000 


-0145 


.1627 


xo 


1.55^ 


0.0175 


i«»oo' 


•0175 


8.2419 
.3088 


.9998 99999 


.0175 


8.2419 


57.290 


1.7581 


89*00' 


1.5533 


0.0204 


10 


.0204 


.9998 .9999 


.0204 


.3089 


49^104 


.6911 


50 


1-5504 


0.0213 
0.0202 


20 

30 


•02^3 
.0262 


.3668 
4' 79 


.9997 .9999 
•9997 .9999 


•02J3 

.0262 


.3669 
.4181 


'& 


.6^31 
.5819 


40 
30 


1S47| 
1-5446 


0.0291 


40 


.0291 


.4637 


.9996 9998 


.0291 


.4638 


34-368 


.5362 


20 


1.5417 

1.53S 


0.0320 


so 


.0320 


.5050 


•9995 9998 


.0320 


•5053 


31.242 


4947 


10 


0.0349 
0.0378 


2»00' 


•0349 


8.5428 


.9994 9-9997 


•0349 


8.5431 


28.636 


1.4569 


88Po(/ 


1-5359 


10 


.0378 


.5776 
.6097 


.9993 -9997 


.0378 


•5779 
.6101 


26.432 


4221 


50 


1-5335 


0.0407 


20 


.0407 


.9992 .9996 


.0407 


24.542 


.3899 


40 


1.5301 


0.0436 
0.0465 


30 


.0436 
.0465 


z 


.9990 .9996 


.0466 


.6401 


22.904 


.3599 
.3318 


30 


1.5271 


40 


•9989 .9995 


.6682 


21.470 


20 


1-5243 


0.0495 


50 


.0494 


.6940 


.9988 .9995 


.0495 


.6945 


20.206 


•3055 


10 ' 1.5213 


0.0524 


3°oo' 


•0523 


8.7188 


•9986 9 9994 


.0524 


8.7194 


19.081 


1.2806 


87*00' ' 1.5184 


0.0553 
0.0582 

0.001 1 


10 


.0552 


•7423 


•9985 -9993 


•0553 

•0582 

.0012 


.7429 


18.075 


.2571 


50 '.515s 
40 > 1.5120 


20 


•0581 
.0610 


.7645 


•9983 -9993 


.7652 
.7865 


17.169 


.2348 


30 


.7857 

.8059 


.9981 .9992 


16.350 
15.605 


•2135 


30 1-5097 


ao640 


40 


.0640 


•9980 .9991 


.0641 


.8067 


.1933 


20 


1.5068 


0.0669 


50 


.0669 


.8251 


.9978 .9990 


.0670 


.8261 


14.924 


.1739 


xo 


1.5039 


0.0698 


4'oo' 


.0698 


8.8436 


.9976 9.9989 


.0699 


8.8446 


14.301 


1.1554 


86*00' 


1.5010 


0.0727 


10 


.0727 


.8613 


•9974 .9989 


.0729 


.8624 


13727 


.1376 


so 


1-4981 


0.0756 
0.0785 


20 


.0756 
.0785 


.8781 

.8946 


.9971 .9988 


.0758 
•0787 


.8795 


13197 


.1205 


40 


1.4952 


30 


.9969 .9987 


.8960 


12.706 


.1040 


JO M923I 


0.0814 


40 


.0814 


.9104 


.9967 .9986 


.0816 


.9118 


12.251 


.0882 


20 


1.4893 


0.08.14 


50 


.0843 


.9256 


.9964 .9985 


.0846 


.9272 


11.826 


.0728 


10 


14864 


0.0873 


5*'oo' 


.0872 


8.9403 


.9962 9.9983 


-0875 


8.9420 


11.430 


1.0580 ■ 


85*00' 


14800 


0.0902 


10 


•0901 


■^l 


•9959 9982 


.0904 


•9563 


11.059 


.0437 


50 


0.09^1 
0.0960 


20 


0920 
0958 
.09J7 


.9957 ^998 1 


•0934 
.0963 


.9701 


10.712 


.0299 


40 . 1.4777] 


30 


.9816 


•9954 ^9980 


.9836 


10.385 
10.078 


.0164 


30 


1.4748 


ao989 


40 


•9945 


■995' -9979 


.0992 


.9966 


.0034 


20 


1.4719 


0.1018 


50 


.1016 


9.0070 


.9948 .9977 


.1022 


9.0093 


9.7882 


0.9907 


10 


1.4690 


0.1047 


6»oo 


.1045 


9.0192 


.9945 99976 


.1051 

.ido 


9.0216 


95'44 


0.9784 


84*00' 


14661 


a 1 076 


10 


.1074 


.0311 


.9942 .9975 


•0336 


9-2553 
9.0098 


.9664 


50 


14632 


0.1 105 


20 


.1103 


.0426 


•9939 ^9973 


.1110 


•0453 
.0567 


.9547 


40 


1.4603 


0.1134 
0.1 104 


30 


.1132 


^J^s 


.9936 .9972 


.1139 


8.7769 


.9433 


30 


M574 


40 


.1161 


•9932 .9971 


.1109 


.0678 


8.5555 


.9322 


20 


1.45441 


0.1 193 


50 


.1190 


.0755 


.9929 .9969 


.1198 


.0786 


8.3450 


.9214 


10 


M515 


0.1222 


7«oo' 


.1210 


9.0859 
.0961 


.9925 9.9968 


.1228 


9.0891 


8.1443 


a9io9 


83*00' 


1.4486, 


O.I2jf 
0.1280 


10 


.1248 


.9922 .9966 


.1257 
.1287 


•0995 
.1096 


7.9530 


.9005 


SO 


1-449 


20 


.1276 


.1060 


.9918 .9964 


77704 


.8904 


40 


144^ 


0.1309 


30 


•1305 


.1157 


.9914 .9963 


•1317 


.1194 


7.5958 
7.4287 


.8806 


30 


i-43fl 


0.1338 
0.1367 


40 


•1334 


.1252 


.9911 .9961 


.1346 


.1291 


.8709 


20 


i434n 


50 


•1345 


.9907 .9959 


.1376 


•1385 


7.2687 


.8615 


10 


1-4341 


0.1396 


8»oo' 


•1392 


91436 


•9903 9-9958 


.1405 


9.1478 


7.1154 
6.9682 


a8522 


82*00' 


'•^33 


0.1425 


10 


.1421 


.1525 
.1612 


.9899 .9956 


•1435 


.1569 
.1658 


.8431 


50 


l42aH 


0.1454 

o.I4^4 


20 


.1440 


-9894 -9954 


.1465 


6.8269 


.8342 


40 


l.42d 


30 


.1478 


.1697 


.9890 .9952 


.1495 


.'745 


6.6912 


•5'i5 


30 


I.42JI 


0.1513 


40 


.1507 


.1781 


.9886 .9950 


.1524 


.1831 


6.5606 


.8169 


20 


1.4101 


0.1542 


50 


•»536 


.1863 


.9881 .9948 


•»554 


.1915 


6.4348 


.8085 


10 


r.4ia 


0.1571 


9^00' 


.1564 


91943 


.9877 99946 


.1584 


91997 


6.3138 


0.8003 


81*00' 


1419 






Nat. 


Log. 


Nat. Log. 


Nat. 


Log. 


Nat. 


Log. 


CO 






COSINES. 


SINES. 


COTAN- 
r.irvTS. 


TANGENTS. 


•MITN«Of| 


IAN TaI 


ILCS. 
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i«9 



CXI 571 
CXI600 
.1629 

.1658 

,1716 

«74S 
0^1774 
0.1804 

^^-^^^^ 
.1862 

0^1891 

0.1920 
0.1940 
0.197S 
a.2007 
0.2016 
10.2065 

0.2094 
I 0^123 
0-2153 
a2i82 

Ou22II 
a2240 

a2: 
a2: 

0.2327 
0.2356 
OJ385 
0.2414 

0.2443 
0.2473 

a2502 
a25^i 
02560 
0^2589 

0.2618 
0.2647 
02676 
! 02705 
02734 
0.2763 

02793 

02822 

02851 

02880 

O; 

029, 

02967 
02996 
03025 
O30J4 

03083 
o-3"3 
03142 









9«co' 
10 
20 

30 
40 

50 

10*^00' 
10 
20 

30 
40 

50 

II^OO' 

10 
20 

30 
40 

50 

I2*»0O' 

10 
20 

30 
40 

50 
13^00' 

10 

20 

30 
40 

50 

i4<>oo' 
10 

20 

30 
40 

50 

15O00' 

10 
20 

30 
40 

50 

10 
20 

30 
40 

50 

17^00' 

10 

20 

30 
40 

i8*»oo' 



SINES. 



Nat. Log. 



COSINES. 



Nat. Log. 



.1564 

•>593 
.1622 

.1650 

.1670 

.1708 

.1765 

•'794 
.1822 

.1851 

.1880 

.1908 

•J937 
.1965 

.«994 
.2022 

.2051 

.2079 
.2108 
.2136 
.2164 

•2193 
.2221 

.2250 
.2278 
.2306 




.239« 
.2419 
.2447 
.2476 
.2504 

•2532 
.2560 

.2588 
.2016 
.2644 
.2672 
.2700 
.2728 

.2756 
.2784 
.2812 
.2840 
.2868 
.2896 

.2924 

.2952 

.2979 

I -3007 

•303s 
.3062 

.3090 



9-1943 
.2022 

.2100 

.2176 

.2251 

.2324 

9-2397 
.2468 

.2< 
.2( 
.2674 
J74O 

9.2806 
.2870 

.2934 

•2997 
.3058 

•3"9 

9-3' 79 

•3238 
.3296 

•3353 
.3410 

.3466 

9-3521 

•3575 
.3629 

.3682 

-yj^ 

9-3837 

.40^5 
•4083 

9.4130 

•4177 
.4223 

.4269 

-43M 

•4359 

9.4403 

•4447 
.4491 

-4533 
.4570 
4618 

9.4659 
.4700 
.4741 
4781 
.4821 
.4861 

9.4900 



Nat. Log. 



COSINES 



9877 
9872 
9868 
9863 
9858 

9853 

9848 
9843 
9838 

9833 
9827 
9822 

9816 
98x1 

9805 

9799 

9793 
9787 

9781 

9775 
9769 
9763 

9757 
9750 

9744 

9737 

9730 
9724 

9717 
9710 



9.9946 

.9944 
•9942 
.9940 

-9938 
-9936 

9-9934 
-993 « 

•9929 
.9927 

.9924 

.9922 

9-99>9 
•99»7 
•99 '4 
•99' 2 
.9909 

•9907 

99904 

11 




^fS 



951 1 



.9896 

•9893 
.9890 

9-9887 
•9884 
.9881 
.9878 

.9875 
.9872 

9-9869 
.9866 

.9863 
.9859 
.9856 

•9853 

9.9849 
.9846 

.9843 
.983? 
.9836 
.9832 

9.9828 
.9825 
.9821 

.9817 
.9814 
.9810 

9.9806 
.9802 
.9798 

.9794 
-9790 
.9786 

9.9782 



TANGENTS. 



Nat. Log. 



Nat. Log. 



SINES. 



1584 
1614 

1644 

1673 
1703 
1733 

1763 

1793 
1823 

~ 3 

1914 

1944 

'974 
2004 

20^5 
2065 

2095 

2126 
2156 
2186 
2217 
2247 
2278 

2309 

2339 
2370 

2401 

2432 

2462 

2493 
2524 

25 
258 
261 
2641 

2679 
2711 
2742 

2773 
2805 

2836 

2867 
2899 

293' 
2962 

2994 
3026 




3121 

33 
3' 
3217 

3249 



;i85 



9-1997 
.2078 

.2158 
.2236 
.2313 
.2389 

9-2463 

•2536 
.2609 

.2680 

.2750 

.2819 

9.2887 

•2953 
.3020 

-3085 

-3'49 
.3212 

93275 
•3336 
•3397 
•3458 
-35 '7 
•3576 

9-3634 

.369' 
-3748 

.3804 
•3859 
-39'4 

93968 
.4021 

4074 
4127 
4178 
•4230 
9.4281 

•433' 
.438' 
.4430 
•4479 
•4527 

9-4575 
.4622 

.4669 

.4716 

4762 

.4808 

9-^§53 
.4898 

•4943 
-4987 
•503' 
•5075 
9.51 18 



COTANGENTS. 



Nat Log. 




5-67'3 
5-5764 
5^4845 
5-3955 
5-3093 
5^2257 

5- '446 
5.0658 

4.9894 
4.0152 

4.8430 

4.7729 

4.7046 
4.6382 

4.5736 

4.5'07 
4.4494 

4.3897 



Nat. Log. 



COTAN- 
GENTS. 




3.6891 
36470 
36059 
3-5656 
3^52D' 

3-4874 
3-4495 
3-4' 24 

3.3759 
3-3402 

33052 

32709 
3-237' 
3.2041 

3.1716 

3- '397 
3.1084 

3-0777 



08003 
.7022 
.7842 

•7764 
.7687 
.7611 

07537 
.7464 

-739' 
.7320 

.7250 

.7181 

07"3 
.7047 
.6980 

•69' 5 

.6788 

0.6725 

.6664 
.6603 
.6542 
.6483 
.6424 

0.6366 

.6309 
.6252 

.6196 

.6141 

.6086 

0.6032 

-5979 
-5926 

.5873 
.5822 

-5770 

05719 
-5669 
-5619 
-5570 
.5521 

-5473 
0.542 
•537 

•533' 
.5284 

-5238 
.5192 

05147 
5102 

5057 
50'3 
4969 
4925 
04882 



Nat. Log. 



TANGENTS 



8l<»00' 

50 
40 

30 
20 
10 

8o«oo' 

50 
40 

30 
20 
10 

7C^oo' 

50 
40 

30 
20 
10 

78*>oo' 

50 
40 

30 
20 

10 

77*00' 

50 
40 

30 
20 

10 

76*00' 

50 
40 

30 
20 
10 

75**oo' 

50 
40 

30 
20 

10 

74*00' 

50 
40 

30 
20 
10 

73*00^ 

50 
40 

30 
20 

10 
72*00' 






4137 
.4108 

4079 

.4050 

4021 

•3992 
•3963 

-3934 
-3904 

.3846 
.38'7 
.3788 

-3759 
•3730 
-3701 
•3672 
•3643 

.3614 
-3584 

•3555 
•3520 

:^ 

•3439 
.3410 

.338' 
-3352 
•3323 
-3294 

-3265 

•3235 
.3206 

•3'77 
.3 '48 

.3"9 

•3090 
.3061 

-3032 
•3003 
-2974 
-2945 

-2857 
.2828 

-2799 
.2770 

.2741 
.271a 
.2683 
.2654 
.2625 

-2595 
1.2566 



ss 
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Table 1 3 {continmdy 
CIRCULAR (TRIGONOMETRIC) FUNCTIONS.. 



RADI- 
ANS. 


DE- 
GREES. 


SINES. 


COSINES. TANGENTS. 


COTANGENTS. 






Nat. 


Log. 


, Nat. 

; •95»i 


Log. 
9.9782 


Nat. 


Log. 


Nat. Log. 




0.3142 


i8«oo' 


.3090 


9.4900 


1 3249 


9.5118 


3.0777 0.4882 


72*00' 


1.2 < 


0.3171 


10 


.3118 


•4939 


•9502 


.9778 1 .3281 


.5161 


3.0475 .4839 
3.0178 .4797 


50 


1.25 


0.3200 


20 


•3145 


•4977 


■9492 


•9774 ,3314 


•5203 


40 


1.25 


0.3229 


30 


'3^73 


.5015 


•9483 


•9770 , .3346 


.5245 


2.9887 .4755 


30 


1.2479 


0.3258 
0.32^7 


40 


.3201 


.5052 


•9474 


.9765 


•337^ 


.5287 


2.9600 .4713 


20 


1.2450 


50 


.3228 


.5090 


.9465 


.9761 


3411 


•5329 


2.9319 .4671 


10 


1. 2421 


0.33 > 6 


19*00' 


•3256 


9.5126 


•9455 


9-9757 


•3443 


9.5370 


2.9042 0.4630 
2.8770 .4589 


71*00' 


1.2392 


0-3345 


10 


•3283 


•5»63 


.9446 


.9752 


.3476 


.5411 


50 


1.2363 


0.3374 


20 


'33^^ 


•5«99 


•9436 


.9748 .3508 


•5451 


2.8502 .4549 


40 


1-2334 


0.3403 


30 


•3338 


•5235 ' -9426 


.9743 1 -3541 


.5491 


2.8239 .4509 
2.7980 .4469 


30 


1.2305 


0.3432 


40 


•3365 


.5270 


•9417 


•9739 ' ^3574 
•9734 .3607 


•553' 


20 


1.2275 


0.3402 


50 


•3.393 


.5306 


.9407 


•5571 


2.772s .4429 


10 


I.224D 


0.3491 


20®00' 


.3420 


95341 ' -9397 


99730 3640 


9.561 1 


2.7475 0.4389 


70*00' 


1.2217 


0.3520 


10 


•3448 


•5375 9387 


•9725 i -3^73 
•9721 1 .3706 


.5650 
.5689 


2.7228 .4350 


50 


1.2188 


0-3549 


20 


•3475 


.5409 -9377 


2.6985 .4311 


40 


I.2159 


0.3578 


30 


•3502 


•5443 93(^7 


•97161 .3739 


•5727 2.6746 .4273 


30 


1.2130 


0.3607 


40 


■3529 


•5477 ; 9356 


•97 » I , .3772 


.5766 2.651 1 .4234 


20 


1. 2101 


0.3636 


50 


•3557 


.5510 ' .9346 

J 


.9706 


.3805 


.5804 


2.6279 .4196 


10 


1.2072 


0.3665 


2I°00' 


•3584 


9-5543 933<^ 


9.9702 ! .3839 


9.5842 


2.6051 0.4158 


69*00' 


1.2043 


0.3694 


10 


.3611 


.5576 .9325 


.9697 , .3872 


.5879 


2.5826 .4121 


50 


1.2014 


0-3723 


20 


.36^8 


.5609 .9315 


.9692 1 .3906 


•59»7 


2.5605 .4083 
2.5386 .4046 


40^ 


1.1985 
I.I95O 


0-3752 


30 


.3665 


.5641 .9304 


•9687 \ .3939 


•5954 


30 


0.3782 


40 


.3692 


.5673 9293 


•9682 .3973 


•5991 


2.5172 .4009 


20 


1. 1926 


0.381 1 


SO 


•3719 


.5704 .9283 


.9677 .4006 


.6028 


2.4960 .3972 


10 


1.1897 


0.3840 


22®00' 


.3746 


95736 


■9272 


9.9672 


.4040 


9.6064 


2.4751 0.3936 


68*00' 


1.1868 


0.3869 


10 


•3773 


.5767 .9261 


.9667 


.4074 


.6100 


2.4545 .3900 


SO 


1.1839 


0.3898 


20 


.3800 


.579S .9250 


.9()6i 


.4108 


.6136 


2.4342 .3864 


40 


I.181O 


0.3927 


30 


■3^27 


.5828 .9239 


.9656 .4142 


.6172 2.4142 .3828 1 


30 


1.1781 


0.395^ 


40 


•3854 


.5859 .9228 


.9651 .4176 


.6208 


2.3945 -3792 


20 


1.1752 


0.3985 


50 


.3881 


.5889 .9216 


.9646 


.4210 


.6243 


2-3750 -3757 


10 


^'^723 


0.4014 


23^00' 


.3907 


9.5919 .9205 


9.9640 


.4245 


9.6279 


2-3559 0.3721 


67*00' 


1. 1694 


0.4043 


JO 


•3934 


.5948 .9194 


•9635 


.4279 


•6314 2.3369 .3686 


50 


1.1665 


0.4072 
0.4102 


20 
30 


.3961 
.3987 


.5978 .9182 
.6007 .9171 


.9629 
.(3624 


•43 "4 

•4348 


.6348 2.318^ .3652 
.6383 1 2.2998 .3617 


40 
30 


1.1636 
1.1606 


0.4131 


40 


.4014 


.6036 


•9»59 


.9618 


.4383 


.6417 1 2.2817 -3583 


20 


1. 1577 


0.4160 


50 


.4041 


.6065 


.9147 


.9613 


.4417 


.6452 


2.2637 .3548 


10 


1. 1548 


0.4189 


24OOO' 


.4067 


9.6093 


•9135 


9.9607 


•4452 
.4487 


9.6486 


2.2460 0.3514 


66*00' 


1.1519 


0.4218 


10 


.4094 


.6121 .9124 


.9602 


.6520 


2.2286 .3480 


50 


1.1490 


0.4247 


20 


.4120 


.6149 .9112 


.9596 .4522 


•6553 
.6587 


2.2113 -3447 


40 


1.1461 


0.4276 


30 


.4147 


.6177 1 .9100 


.9590 


•4557 


2.1943 -34 » 3 


30 


1.1432 


0.4305 


40 


•4173 


.6205 


.9088 


■9584 


.4592 


.6620 


2.1775 .3380 


20 


1.1403 


0.4334 


50 


.4200 


.6232 


•9075 


•9579 


.4628 


.6654 


2.1609 .3346 


10 


I. '374 


o.43<^3 


25*00' 


.4226 


9.6259 


.9063 


9-9573 


.4663 


9.6687 


2.1445 0.3313 


65*00' 


'•'345 


0.4392 


10 


•4253 


.6286 


.9051 


.9567 


.4699 


.6720 


2.1283 .32S0 


50 


1.131O 


0.4422 


20 


.4279 


'^3^3 


.9038 


.9561 


•4734 


.6752 


2.1123 .3248 


40 


1.1286 


0.4451 
0.4480 


30 


•4305 


.6340 


.9026 


•9555 


.4770 


.6785 


2.0965 .3215 


30 


1. 1257 


40 


•433' 


-6366 .9013 


•9549 


.4806 


.6817 


2.0809 .3183 


20 


1.1228 


0.4509 


50 


.4358 


.6392 1 .9001 


•9543 


.4841 


.6850 


2-0655 .3150 


10 


1.1199 


04538 
0.4567 


26*00' 


.4384 


9.6418 1 .8988 


99537 1 4877 


9.6882 ' 2.0503 0.3 1 18 


64*00' 


1.1170 


10 


.4410 


.6444 1 .8975 


•9530 


•49 '3 


.6914 2.0353 .3086 


50 


1.1141 


0.4596 


20 


.4436 


.6470 .8962 


.9524 


.4950 


.6946 


2.0204 .30 "54 


40 


1.11 12 


0.4625 


30 


.4462 


.6495 ^8949 


•95 '8 


.4986 


.6977 


2.0057 .3023 


30 


1.1083 


0.4654 
0.4683 


40 


.4488 


.6521 


.8936 


.9512 


.5022 


■7009 


1.9912 .2991 


20 


1.1054 


50 


•45»4 


.6546 


.8923 


.9505 


•5059 


.7040 


1.9768 .2960 


10 


1.1025 


0.4712 


27*00' 


.4540 


9.6570 


.8910 


9.9499 


.5095 
Nat. 


9.7072 
Log. 


1.9626 0.2928 
Nat. Log. 


63*00' 

1 u 




1.0996 
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Log. 


Nat. 


Log, 
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DE- 
GREES. 


SINES. 


COSINES. 


TANGENTS. 


COTANGENTS. 






■ ^< 


Nat Log. 


Nat. 


Log. 


Nat 


Log. 


Nat Log. 


'I712 


27*00' 


.4540 9.6570 


.8010 


9-9499 


•5095 


9.7072 


1.9626 a 2028 

1.9486 .2897 


63*00' 


1.0996 


34741 
A77I 


10 


.4566 


.6620 


•8897 


.9492 


-5'32 


.7103 


SO 


1.0966 


20 


•4592 


.8884 


.9486 


.5169 


.7134 


1.9347 .2866 


40 


'-0937 


0.4800 


30 


.4617 


.6644 


.8870 


•9479 


.5206 


.7196 


1.92 10 .2835 


30 


1.0908 


0.4829 


40 


.4643 


.6668 


•5?57 


•9473 
.9466 


.5243 


1.9074 .2804 


20 


1.0879 


0.4858 


50 


.4669 


.6692 


.8843 


.5280 


.7226 


1.8940 .2774 


10 


1.0850 


a4887 


28*00' 


.4695 9 


.6716 


•§?2? 


9^9459 


•5317 


9-7257 


1.8807 0.2743 


62*00' 


1.0821 


0.4916 


10 


.4720 


.6740 


.8816 


•9453 


•5354 


.7287 


1.8676 .2713 


50 


1.0792 


0.4945 


20 


.4746 


.6763 


.8802 


.9446 


-5392 


'73^7 


1.8546 .2683 


40 


1.0763 


0.4974 


30 


•4772 


.6787 


.8788 


•9439 


-5430 
•5407 


.7348 


1.8418 .2652 


30 


>0734 


0.5003 


40 


•4797 


.6810 


.8774 


•9432 


.7378 


1.8291 .2622 


20 


1.0705 


0.5032 


50 


.4823 


.6833 


.8760 


•9425 


•5505 


.7408 


1.8165 .2592 


10 


1.0676 


0.5061 


29*00* 


.4848 9 


•^56 


.8746 9.9418 


•5543 


9-7438 


1.8040 0.2562 


61*00' 


1.0647 


0.5091 


10 


.4874 


.6878 


•5732 


•94" 


•5581 


•7467 


^•79i7 ^2533 


50 


1.0617 


0.5120 


20 


.4899 


,6901 


.8718 


•9404 


•i 


•7497 


1.7796 .2503 


40 


1.0588 


0.5149 


30 


.4924 . 


6946 


•f?24 


•9397 


.7526 


1.7675 .2474 
1.7550 .2444 


30 


1.0559 


05178 


40 


.4950 . 


.8689 


.9390 


-5696 


■Ifs 


20 


1.0530 


0.5207 


50 


•4975 ■ 


6968 


.8675 


•9383 


•5735 


1.7437 .2415 


10 


1.0501 


0.5236 
0.5265 


30*00' 


.5000 9. 


6990 


.8660 


9-9375 
.9368 


•5774 


9.7614 


1.732 1 0.2386 


60*00' 


1.0472 


10 


.5025 . 


7012 


.8646 


.5812 


.7644 


1.7205 .2356 


50 


1.0443 


0.5294 


20 


.5050 . 


7033 


.8631 


.9361 


.5851 


.7673 


1.7090 .2327 


40 


1.0414 


^'h^^3 


30 


•5075 • 


7055 
7076 


.8616 


•9353 


•5890 


.7701 


1.6977 .2299 


30 


1.0385 


0.5352 
0.5381 


40 


.5100 


.8601 


.9346 


•5930 


.7730 


1.6864 .2270 


20 


1.0356 


50 


.5125 . 


7097 


.8587 


•9338 


.5969 


•7759 


1.6753 -2241 


10 


1.0327 


0.5411 


31*00' 


.5150 9. 


7118 


.8572 


9-933 » 


.6009 9.7788 


1.6643 0.2212 


59*00' 


1.0297 


0.5440 


10 


•5175 • 


7139 


.8557 


•9323 


.6048 


.7816 


1.6534 .2184 


50 


1.0268 


0.5469 


20 


.5200 . 


7160 


.8542 


•9315 
.9308 


.6088 


.7845 


1.6426 .2155 


40 


1.0239 


0.5498 


30 


.5225 . 


7181 


.8526 


.6128 


.7873 


1.6319 .2127 


30 


1.0210 


0.5527 


40 


.5250 . 


7201 


.8511 


.9300 


.6168 


.7902 


1.62 12 .2098 


20 


1.0181 


0.5556 


50 


•5275 . 


7222 


.8496 


.9292 


.6208 


•7930 


1.6107 -2070 


10 


1.0152 


0-5585 
0.5614 


32*00' 


•5299 9- 


7242 


.8480 9.9284 


.6249 


'■1% 


1.6003 a 2042 


58*00' 


1.0123 


10 


.5324 • 


7262 


.8465 


.9276 


.6289 


1.5900 .2014 


50 


1.0094 


0.5643 


20 


•5348 . 


7282 


.8450 


.9268 


.6330 


.8014 


1.5798 .1986 


40 


1.0065 


0.5672 


30 


•5373 . 
.5398 . 


7302 


•8434 


.9260 


.6371 


.8042 


1.5697 .1958 


30 


1.0036 


0.5701 


40 


7322 


.8418 


.9252 


.6412 


.8070 


'•5597 .1930 


20 


1.0007 


0.5730 


50 


.5422 . 


7342 


.8403 


.9244 


-6453 


•8097 


1.5497 .1903 


10 


0.9977 


0.5760 


33*00^ 


.5446 9. 


7361 


.8387 


9.9236 


.6494 


9.8125 


1.5399 0.1875 


57*00* 


a9948 


°S789 
' 0.5818 


10 


.5471 . 


7380 


•8371 


.9228 


.6536 


'I'l^ 


1.5301 .1847 


50 


0.9919 


20 


•5495 • 


7400 


•8355 


.9219 


.6577 


.8180 


1.5204 .1820 


40 


a9o9o 


0.5847 


30 


•5519 . 


7419 


•8339 


.9211 


.6619 


.8208 


1. 5108 .1792 


30 


0.9861 


0.5876 


40 


•5544 . 


7438 


.8323 


.9203 


.6661 


•8235 


1.5013 -'765 


20 


0.9832 


0^5905 


50 


.5568 . 


7457 


•8307 


.9194 


.6703 


.8263 


'•49>9 -1737 


10 


0.9803 


0.5934 
0.5963 


34**oo' 


•5592 9- 
.5616 . 


7476 


.8290 


9.9186 


.6745 


9.8290 


1.4826 0.1710 


56*00* 


0.9774 


10 


7494 


.8274 


•9177 


.6787 


•8317 


1.4733 •1683 
1. 464 1 .1656 


50 


0.9745 
0.9716 


as992 
0.6021 


20 


.5640 


75»3 


.8258 


.9169 


.6830 


•8344 


40 


30 


:5^ : 


753» 


.8241 


.9160 


.6871 
.6916 


.8371 


1.4550 .1629 


30 


a9687 


0.6050 
0.6080 


40 


7550 .8225 


.9151 


.8398 


1.4460 .1602 


20 


0.9657 


50 


.5712 . 


7568 


.8208 


.9142 


.6959 


.8425 


^•4370 .1575 


10 


0.9628 


0.6109 


35*00' 


■5736 9- 
.5760 . 


7586 


.8192 


9-9 '34 


.7002 


9.8452 


1.4281 0.1548 


55*00' 


0.9599 


0.6138 
0.6167 


10 


7604 .8175 


.91 2 q 


.7046 


•8479 


1-4193 -1521 
1.4106 .1494 


50 


0.9570 


20 


•5783 . 


7622 


.8158 


.9110 


.7089 


.8506 


40 


0.9541 


a6i96 


30 


.5807 . 


7640 


.8141 


.9107 


•7133 


•8533 


1. 4019 .1467 


30 


0.9512 


0.6225 


40 


.5831 . 


7657 


.8124 


.9098 


.7177 


'IW> 


1-3934 .1441 


20 


0.9483 


0.6254 


50 


.5854 . 


7675 


8107 


.9089 


.7221 


1.3848 .1414 


10 


0.9454 


a6283 


36^*00' 


.5878 9^ 


7692 


8090 


9.9080 


.7265 


98613 


1.3764 0.1387 


54*00' 


0.9425 






Nat. Log. 


Nat. 


Log. 


Nat. 


Log. 


Nat. Log. 


1 bl 




<< 
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SINES. 
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CO 

as 

< 

Q 

< 

0.00 


SINES. 


COSINES. 


TANGENTS 


COTANGENTS. 


(0 

Q 


Nat 


Log. 


Nat. 


Log. 


Nat. 


Log. 


Nat. 


Log. 


0.00000 


— 00 


1. 00000 


0.00000 


— 00 


— 00 


00 


00 


oo°oo' 


.01 

.02 

•03 

.04 


.01000 
.02000 
.03000 

•03999 


7-99999 
8.30100 

47706 

.60194 


0.99995 
.99980 

.99955 
.99920 


9.99998 
•99965 


0.0 1 000 

.02000 
.03001 
.04002 


8.00001 
.30109 

.47725 
.60229 


99-997 

49-993 

33.323 
24.987 


.52275 
.39771 


0034 

01 09 

01 43 

02 18 


"11 

•07 

.oS 
-09 


0.04998 
.05996 
.06994 
.07991 
.08988 


8.69879 

•77789 
.84474 

.90263 

.95366 


0.99875 
.99820 

199680 
.99595 


9.99946 
.99922 
.99894 
.99861 

.99824 


0.05004 
.06007 
.07011 
.08017 

.09024 


.84581 
.90402 
•95542 


19.983 
16.647 

14.262 

12.473 
11.081 


1.30067 

.22133 
.15419 
.09598 
.04458 


02*52' 

03 26 

04 01 

0435 
0509 


aio 
.11 
.12 

•"3 
.14 


0.09983 
.10978 
.11971 
.12963 

•«3954 


8.99928 

9.04052 

.07814 

.11272 

.14471 


0.99500 

.99396 
.99281 
.99156 
.99022 


9.99782 
•99737 

•99632 

•99573 


0.10033 
.11045 

.12058 

.13074 

.14092 


9.00145 

.04315 
.08127 

.11640 

.14898 


9.9666 

9.0542 
8.29^3 
7.6489 
7.0961 


0.99855 
.956J5 

.85102 


05*44' 

06 18 

0653 

07 27 
0801 


.'7 
.18 

.19 


0.14944 
.IS932 
.16918 

•17903 


9.17446 
.20227 
.22836 
.25292 
.27614 


0.98877 
.98725 
•98558 
.98384 
.98200 


9.99510 

•99442 

•99369 

.99293 
.99211 


O.I5II4 

.18197 
.19232 


9. » 7937 
.20785 

.23466 

.20000 

.28402 


6.6166 
6.1966 
5.8256 

5-4954 
5-1997 


0.82063 
.79215 

.76534 
.74000 

.71598 


08*36' 

09 10 

0944 

10 19 

1053 


a20 
.21 

.22 

•23 
.24 


0.19867 
20846 
.2182' 
.2279^ 
•23770 


9.29813 
.31902 

.33891 
•35789 
•37603 


0.98007 

-97803 

•97590 

97367 

■97134 


9.99126 
.98737 


0.20271 

.21314 

.22362 

.23414 
.24472 


9.30688 
.32867 

.34951 
.36948 


4-9332 
4.6917 

4.4719 
4.2709 

4.0864 


0.69312 

.67133 
.65049 

.63052 

.61134 


11*28' 
12 02 

12 36 

13 11 
1345 


•27 
.28 

.29 


a24740 
.25708 
.26673 
.27636 

.28595 


9-39341 
.41007 
.42607 
.44147 

45629 


0.96891 
.96639 

•96377 
.96106 

•95824 


9.98628 
.98515 

•98397 

.98148 


0.25534 

.26602 
.27676 

.28755 
.29841 


9.40712 
42491 
.44210 

45872 
.47482 


39163 

37592 

3-6133 
34776 

3.3511 


0.59288 

•57509 
.55790 
.54128 

.52518 


14*19' 

14 54 

15 28 

1603 
1637 


0.30 

•3" 

•32 
•33 
•34 


0.29552 
.30500 
•31457 
.32404 
•33349 


947059 
.48438 

.49771 
.51060 

•52308 


0.95534 
•95233 
•94924 
.94604 

•94275 


9.98016 
.97879 

•977Z7 

•97S9> 
.97440 


0.30934 
.32033 
•33139 
.34252 

•35374 


9.49043 

•50559 
.52034 

•53469 
.54868 


32327 
3.1218 

3.0176 

2.9195 

2.8270 


0.50957 

.49441 
.47966 

.46531 
.45132 


17*11' 

17 46 

18 20 

1854 
1929 


•39 


0.34290 

•35227 
.36162 

.37092 
.380x9 


.55825 
.56928 
.58000 


0.93937 
•93590 

.92S66 
.92491 


9.97284 
•97123 

!96786 
.96610 


0.36503 

•37640 
.38786 

.39941 
.41105 


956233 

.57565 

.60142 
.61390 


2.7395 
2.6567 

2.5782 

2.5037 
2.4328 


043767 

4243s 
41 132 

.39858 
.38610 


20*03' 
2038 
21 12 

21 46 

22 21 


0.40 
.41 
42 

43 

44 


0.38942 
.39861 
.40776 
41687 

•42594 


9.59042 
.00055 
.61041 
.62000 

•62935 


0.92106 
.91712 

-91309 
•90897 
•9047 s 


9.96429 
.96243 
.9605! 

•95855 
•95653 


a42279 

.43463 

.44657 
.45862 

.47078 


9.62613 
.63812 
.64989 
.66145 
.67282 


2.3652 
2.3008 
2.2^93 
2.1804 
2.1 241 


°-37387 
.36188 

.3501 1 

•33855 
.32718 


22*55' 

23 29 
2404 

2438 

25 13 


"41 

48 
49 


0.43497 

•44395 
45289 
40178 
.47063 


9.63845 

.64733 
•65599 
.6644:; 
.6726J 


.88233 


9.95446 
•95233 
.95015 
•94792 
.94563 


0.48306 

.49545 
.50797 
.52061 

.53339 


9.68400 
.69500 

-70583 
.71651 

.72704 


2.0702 
2.0184 
X.9686 
1.9208 
1.8748 


0.31600 
.30500 
.29417 
.28349 
.27296 


25*47' 
26 21 

26 56 

27 30 

28 04 


050 


0.47943 


9.68072 


0.87758 


994329 


0.54630 


9.73743 


1.8305 


a26257 


28*39' 



8WTNS0NIAN Tablbs. 



TaBLK 14 {ctmtimud), 

CIRCULAR (TRIQONOMETRIC) FUNCTIONS. 



39 



li 


SINES. 


COSINES. 


TANGENTS. 


COTANGENTS. 


(/5 


I 


Nat 


Log. 


Nat. 


Log. 


Nat. 


Log. 


Nat. 


Log. 


IjOO 

.02 

•03 
.04 


0.84147 
.84683 
.85211 
.85730 
.86240 


9.92504 
.92780 
.93049 

•93313 
•93571 


0.54030 
.53186 

•52337 
.51482 

.50622 


9.73264 
.72580 
.71881 
.71165 
.70434 


1-5574 
•5922 
.6281 
.6652 
.7036 


0.19240 
.20200 
.21169 
.22148 

•23137 


0.64209 
.62806 
.61420 
.60051 
.58099 


9.80760 
.79800 

.78831 
.77852 
.76863 


57«i8' 

57 52 
5827 
5901 

59 35 


•07 

-09 


O.S6742 
.87236 
.87720 
.88196 
.88663 


9^93823 
.94069 

•943»o 
•94545 
•94774 


0.49757 
.48887 

.48012 

•47133 
.46249 


9.69686 
.68920 

•6S135 
.67332 
.66510 


1-7433 
.7844 

.8270 

.8712 

.9171 


0.24138 
.25150 
.26175 
.27212 
.28264 


0.57362 
.56040 

.54734 

•53441 
.52162 


9.75862 
.74850 

•73825 
.72788 

•71736 


6o<»io' 
6044 
61 18 

61 53 

62 27 


MO 
.11 
.12 

.«3 

.14 


0.891 2 1 
.89570 
.90010 
.90441 
.90863 


9.94998 
.95216 

•95429 
•95637 
•95839 


0.45360 
.44466 

142666 
41759 


9.65667 
.64803 

•639 '7 
.63008 

.62075 


1.9648 

2.0143 

.0660 

.1198 

•»759 


0.29331 
•30413 

.32628 
.33763 


0.50897 

■ .49644 

.48404 

.47175 
•45959 


9.70669 

.69587 
.68488 

•67372 
.66237 


63^02' 
6336 

64 10 

6445 

65 19 


■:ll 

.17 
.18 

1 .19 


0.91276 
.91680 
.92075 
.92461 
.92837 


9.96036 
.96228 
.96414 
.96596 
.96772 


0.40849 
•39934 

.39015 
.38092 

.37166 


9.61118 
.60134 
•59»23 
.5^084 
.57015 


2.2345 
.2958 
.3600 

4273 
.4979 


0.34918 

•36093 

•37291 
.38512 

•39757 


0.44753 
43558 

42373 
41199 
.40034 


9.650S2 
.63907 
.62709 
.61488 
.60243 


65^53' 
6628 

67 02 

67 37 

68 u 


1.20 

.21 

! .22 

1 

•23 
.24 


0.93204 
-935^2 
.93910 

•94249 
•94578 


9-96943 
.97110 

.97271 
.97428 

•97579 


0.36236 
•35302 

•34365 
.33424 
.32480 


9.55914 
.54780 
.53611 
.5^406 
.51161 


2.5722 
.650;; 
.7328 
.8198 
.9119 


0.41030 

•42330 
.43660 
.45022 
.46418 


0.38878 

•37731 
•36593 
-35463 
•34341 


958970 
•57670 
•56340 
-54978 
-53582 


6S°45' 
69 20 

(K) 54 

70 28 

71 03 


'11 

.27 

.28 

. .29 


a94S98 
.95209 
.95510 


9.97726 
.97868 
.98005 

•98137 
.98265 


0-31532 
.30582 

.29628 

.28672 

.27712 


949875 
.48546 

47 1 70 

45745 
.44267 


3.0096 

•1133 
.2236 

•3413 
.4672 


0.47850 
-49322 

•50i>35 
•52392 
.53998 


0.33227 
.32121 

.31021 

.29928 

.2B842 


9-5- 150 
.50678 
.49165 
.47608 
.46002 


71^37' 

72 12 

7246 

73 20 
73 55 


1.30 

•3' 

•32 

■33 
■3* 


.96872 
.971K 

•97348 


9^98388 

.98620 
.98729 

•98833 


0.267 v> 
.25785 
.24818 
.23848 
.22875 


942732 
4H37 
.39476 

•37744 
•35937 


3.6021 

.7471 

•9033 

4-0723 

.2556 


0.55656 

•57369 
.S9M4 


0.27762 
.26687 
.25619 

•24556 
.23498 


944344 
.4263 1 

.40856 

.39016 

•37104 


74°29' 

750^ 

7538 
76 12 

7647 


•36 
•37 
•3» 
•39 


0.97572 
.97786 

.97991 
.98185 

•98370 


9-98933 
.99028 

.99119 

•99205 

.99286 


O.21901 
.20924 

•19945 
.18964 

.17981 


9.34046 
.32064 
.29983 

•27793 
.25482 


44552 
.6734 
•9131 

5-1774 
.4707 


0.64887 
.66964 

•69135 
•71411 
•73804 


0.22446 

.21398 

.20354 

•19315 
.18279 


9-35113 

■33^3'^ 
.30805 

.28589 

.26196 


77°2i' 

77 55 
7830 
7904 
7938 


140 

•41 
42 

•43 
.44 


0.98545 
.9S710 

.9S865 

.99010 

.99146 


9-99363 
•99436 
.99504 

.99568 
.99627 


0.16997 
.16010 
.15023 

.14033 
.13042 


923036 
.20440 
.17674 
.14716 
.11536 


5-7979 
6.1654 

6581 1 

7.0555 
7.6018 


0.76327 
.78996 ' 
.81830 

.84853 
.88092 


0.17248 
.16220 

•15195 
.14173 
■13155 


923673 
.21004 

.18170 

.15147 
.11908 


80° 1 3' 
8047 
81 22 
81 56 
8230 


47 

1 49 


0.99271 

•99387 
.99492 

.99088 


9.99682 

•99733 
.99779 

.99858 


0.12050 
.11057 
.10063 
.09067 
.08071 


9.08100 

.04364 
.00271 

8.9S747 

.90692 


8.2381 
8.9886 

98874 
10.983 

12.350 


0.91583 

•95369 : 
.9950S 

1.04074 

.09166 


0.12139 
.11125 
.10114 
•09105 
.08097 


9.aS4i7 
.04631 
.00492 

8.95926 
.90834 


S3°05' 

8339 

84 13 
8448 

85 22 


1 1.50 


0^749 


9.99891 


0.07074 


8.84965 


14.101 


1.14926 


0.07091 


8.85074 


85-57' 
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TABLXS 1 4 {c0ntimMtd) ANP 1 6. 

CIRCULAR FUNCTIONS AND FACTORIALS. 

TABLB 14 {cmiimmd), — Oifoiilai (Triffononttilo) rwiBtlimi. 



t/3 

< 

< 

1.50 

•5» 
•52 
•53 
•54 

'•55 
.56 

•57 
.58 

.59 
1-60 


SINES. 


COSINES. 


TANGENTS. 


COTANGENTS. 


Pi 

Ui 

Q 


Nat. Log 


Nar. Log 


Nat. Log. 


Nat. Log. 


0.99749 9.99891 
.99815 .99920 

.99871 .99944 
.99917 .99964 
•99953 ^99979 

0-9997S 9-99991 
0-99994 9-99997 
r -OOOOO 0.00000 
0.99996 999998 
0.99982 9-99992 

0.99957 9-99981 


0.07074 8.84965 
.06076 .78361 
.05077 .70565 
.04079 .61050 
.03079 .48843 

0.02079 8.31796 

.01080 8.03327 

.00080 6.90109 

-.00920 7.9639611 

-.01920 8.2833611 

-0.02920 8.4653811 


14.101 1. 14926 
16.428 '.21559 
19.670 .29379 
24.498 .38914 
32.461 .51136 

48.078 1. 68 1 95 

92.621 1.9667 1 

1255.8 3.09891 

108.65 2.03603 

52.067 1. 7 1 656 

34.233 » -53444 


0.07001 8.85074 
.06087 .78441 
.05084 .70621 
.04082 .61086 
.03081 .48864 

O.020S0 8.31805 

.01080 8.03329 

.00080 6.90109 

-.00920 7. 96397 n 

-.01921 8.2834411 

-0.02921 8.46556n 


85057' 
8631 
8705 
8740 
88 14 

88<»49' 

8957 

903; 
91 06 

91O40' 



90^—1.570 7963 radians. 



TABLB 16.— LoftilthBlo FMtnlAlB. 
Logarithms of the products 1.2.3 '** " ^1*010 i to 100. 

See Table 17 for Factorials i to 20. 
See Table 31 for log. r (ii + i), values of n between i and 2. 



1 

2 

3 
4 

5 


log (*./) j 


26 

% 

29 

30 


log(«/) 


M. 

51 

52 

53 
54 
55 


- ■■ 

logM 


m. 


log(»t/) 


0.000000 
0.301030 
0.778151 
1.3802 II 
2.0791 81 


26.605619 
28.036983 
29.484141 j 

30-946539 
32.423660 


66.190645 
67.906648 
69.630924 
7 1 -3033 '8 
73.103681 


76 

11 


1 1 1.275425 
XI3.161916 
II 5.05401 1 
115.951638 
118.854728 


6 

7 
8 

9 
10 


2-857332 

3-702431 
4.605521 

5559763 
0.559763 


31 

32 

33 
34 
35 


33.915022 
35-420172 
36.938686 
38.470165 
4aoi4233 


56 

57 
58 

59 
60 


74.851869 
76.607744 
78.371172 
80.142024 
81.920175 


81 

82 

83 

; 85 


120.763213 
122.677027 
124.596105 
126.520384 
128.449J03 


11 

12 

13 
14 
15 


7.601 1 56 

8.680337 

9.794280 

10.940408 

12.116500 


36 

39 
40 


41.570535 
43-138737 
44.718520 

46.309585 
47.9' 1645 


61 

62 

64 
65 


83.705505 
85.497890 

87.297237 
89.103417 

90.916330 


86 

87 

88 

89 
90 


130.384301 
132.323821 
134.268303 
136.217693 

138. 1 7 1936 


16 

19 
20 


13.320620 
14.551069 

15.806341 
17.085095 
18.386125 


41 

42 

43 
44 
45 


49.524420 
51.147678 
52.781147 

54424599 
56.077812 


66 

67 
68 

69 
70 


92735874 
94.561940 

96.394458 

98-233307 

100.078405 


91 

92 
93 
94 
95 


140.130977 
142.094765 
144.063248 
146.036376 
148.0x4099 


21 

22 

23 
24 

25 


19.708344 
21.050767 

22.412494 
23.792706 

25.190646 


46 

47 
48 

49 
50 


57.740570 
59.412668 
61.093909 
62.784105 

64483075 


71 

72 

73 
74 
75 


101.929663 
103.786996 
105.650319 
107.519550 
109.394612 1 


96 

98 

99 
100 


M9.996371 
151.983142 

153-974368 
155.970004 

157.970004 
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Table 16. 
HYPERBOLIC FUNCTIONS. 
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sinh. a 


cosh, u 


tauh. u 


coth. u 






















gd u 

i 


ooo 

j02 
•03 


Nat. 


Log. 


Nat. 


Log. 


Nat 


Log. 


Nat. 


Log. 


0.00000 
.01000 
.02000 
.03000 
.04001 


— 00 
8.00001 
.30106 

.47719 
.60218 


1. 00000 
.00005 
.00020 

.00045 
.00080 


0.00000 
.00002 
.00009 
.00020 
.00035 


0.00000 
.01000 
.02000 
.02999 


— 00 

7-99999 
8.30097 

.47699 
.60183 


00 
100.003 
50.007 

33.343 
25.013 


00 
2.00001 
1.69903 
1. 52301 

139817 


oo°oo' 

34 

1 09 

1 43 

2 17 


JO9 


0^5002 
.00004 
.07006 
x>Soo9 
.09012 


8.69915 
.7784^ 
.84545 
.90355 
.95483 


I.OO125 
.00180 
.00245 
.00320 
.00405 


0.00054 
.00078 
.00106 
.00139 
.00176 


0.04996 

•07983 
.08976 


8.69861 
.77763 

.84439 
.90216 

.95307 


20.017 
16.687 

14.309 
12.527 

II. 141 


1.30139 
.22237 

.15561 

.09784 

.04693 


3 26 j 

4 00 : 

4 35 

5 09 


aio 
.11 
.12 

•«3 
.14 


0.10017 

.II022 

.12029 

.14046 


9.00072 
.04227 
.08022 
.11517 

•M755 


1.00500 
.00606 
.00721 
.00846 
.00982 


000217 
.00262 
.00312 
.00366 
.00424 


0.09967 
.10956 

.11943 
.12927 

.13909 


8.99856 

9.03965 
.07710 

.11151 
.14330 


10.0333 
9.1275 

8-3733 
7.7356 
7.1895 


I.OOI44 

0.96035 

.92290 

.88S49 

.85670 


1^^ 

6 17 

7 26 

8 00 


ai5 
.16 

•*7 
.18 

•19 


.I70S2 

.18097 

.19115 


9.17772 
.20597 

.23254 
.25762 

.28136 


I.OII27 
.0128', 
.01441 
.01624 
.01810 


0.00487 
.00554 
.00625 
.00700 
.00779 


0.14889 

■\& 

.17808 
.18775 


9.17285 
.20044 
.22629 
.25062 

.27357 


6.7166 
6.3032 

5-9389 
5-61 54 
53263 


0.82715 
•79956 
•77371 
•74938 
.72643 


8 34 

9 08 

9 42 
10 15 
10 49 


0.20 
.21 
.22 

•23 
.24 


0.20134 

.2115c 
.22i7r 
.23203 
.24231 


9.30392 
.32541 
.34592 
.36555 
.38437 


1.02007 
.02213 
.02430 
.02657 
.02894 


0.00863 
.00951 
.01043 
.01139 
.01239 


0.19738 
.20697 
.21652 
.22603 

.23550 


929529 
•3»59o 

.33549 
•35416 

•37198 


5.0665 

4.8317 
4.6186 

4.4242 

4.2464 


0.70471 
.68410 
.06451 
.64584 
.62802 


1 

11 23 

" 57 

12 30 

13 04 

13 yj 


hi 

.27 
.28 

•29 


a2q26i 
.26294 
.27329 
.28367 
.29408 


43663 
.45282 

.46847 


I.0314I 

.03399 
.03667 

.03946 
•04235 


0.01343 
.01452 
.01564 
.01681 
.01801 


.0.24492 

•25430 
.26362 
.27291 
.28213 


9.38902 

.40534 
.42099 

.43601 

.45046 


4.0830 
39324 

36643 
3-5444 


0.61098 
.59466 
.57901 

•56399 
•54954 


14 u 

14 44 ; 

15 »7 ; 

16 23 ■ 


a30 

•32 
•33 

; 34 


0.30452 

•3M99 

.32549 
•33502 

.34659 


948362 

.4^P 
.51254 

.52637 
.53981 


1.04534 
.04844 

.05164 

.05495 
.05836 


0.01926 
.020154 
.02r87 
.02323 
.02463 


O.29131 
.30044 

.30951 
.31852 

.32748 


9.46436 

•47775 
.49067 

.50314 
.51518 


34327 
•3285 
.2309 

.»395 
•0536 


0.53564 
.52225 

.49686 
.48482 


16 56 

17 29 

18 02 

18 34 

19 07 


•39 


.37850 
.38921 
-39996 


9-55290 
•56564 
.57807 

.59019 
.60202 


1. 06188 
.06550 
.06923 

.07307 
.07702 


0.02607 
.02755 
.02907 
.03063 
.03222 


0.33638 
.34521 

.35399 
.36271 

.37136 


952682 
.53809 
.54899 

1^ 


2.9729 
.8968 
.8249 

.7570 
.6928 


0.47318 
.46191 
.45101 
.44044 
.43020 


19 39 

20 12 

20 44 

21 16 
21 48 


040 

•41 
-42 

-43 
•44 


041075 
•42158 
.43246 
.44337 
-45434 


'lag 


I.08107 
.08523 
.08950 
.09388 

•09837 


0.03385 

•03552 
.03723 
.03897 
.04075 


0.37995 
•38847 

.39693 

40532 

.41364 


9-57973 
•58936 
.59871 
.60780 
.61663 


2.6319 

.5742 

'Sm 
.4672 

4175 


0.42027 
.41064 

.4or29 
.^9220 

•38337 


22 20 

22 52 

23 23 

23 55 

24 26 


1 OL45 

. ^6 

•47 

.48 

-49 


0.46534 
.47640 

.48750 
.49865 
.50984 


9-66777 
•67797 
.68797 

.69779 
.70744 


1. 102970 
.10768 
.11250 

.11743 
.12247 


.04256 
.04441 
.04630 
.04822 
.05018 


0.42190 
.43008 
.43820 
.44624 
.45422 


9.62521 

.63355 
.64167 

.64957 
.65726 


2.3702 

.3251 
.2821 

.2409 

.2016 


0.37479 
.36645 
•35833 
•35043 
•34274 


24 57 \ 

25 28 j 

25 59 

26 30 

27 01 


0^50 


052110 


9.71692 


1.12763 


0.05217 


0.46212 


9.66475 


2.1640 


0.33525 


27 31 

t 
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Table 16 {continued), 
HYBERBOLIC FUNCTIONS. 



u 

1 


sinl 


1. u 


cosh, u 


tanh.'u 


ooth. u 


9l 


Nat. 


Log. 


Nat. 


Log. 


Nat. 


Log. 


Nat. 


Log. 


K 


1 0-50 


0.521 10 


9.71692 


1. 1 2763 


0.05217 


0.46212 


9.66475 


2.1640 


0.33525 


2: 


' .5» 


•53240 


.72624 


.13289 


.05419 


.46995 


.67205 
.67916 


.1279 


•32795 


2J 


i -5- 


•54375 


.73540 


.13827 


.05625 


•47770 


•0934 


.32084 


2ii 


•53 


•55516 


.74442 


.14377 


.05834 
.06046 


.48538 


.68608 


.0602 


.31392 


29 


•54 

1 


.50063 


•75330 


.14938 


.49299 


.69284 


.0284 


.30716 


29 


. o .55 
: -5^ 


0.57815 


9.76204 


1.1^510 
.16094 


ao6262 


0.50052 


9.69942 


1-9979 


0.30058 


30 


•5^973 
.60137 


•77065 


.06481 


.50798 


.70584 


.9686 


.29416 


30 


• -57 


.77914 


.16690 


.06703 


.51536 


.71211 


.9404 


.28789 


31 


1 .58 


.61307 


.78751 


.17297 


.06929 


.52267 


.71822 


^l 


.28178 


31 


i .59 

1 


.62483 


•79576 


.17916 


•07157 


.52990 


.72419 


.27581 


32 


1 0.60 


0.63665 


9.80390 


1. 18547 


0.07389 


0.53705 


9.73001 


1.8620 


0.26999 


32 


; .61 


.64854 


.81194 


.19189 


.07624 


•54413 


•73570 


.8378 


.26430 


32 


i .62 


.66049 


.81987 


.19844 


.07861 


•55V3 


.74125 


.8145 


.25875 


33 


^3 


.67251 


.82770 


.20510 


.0S102 


•55805 
.56490 


.74667 


.7919 


.25333 

.24803 


33 


.64 

1 


•68459 


•83543 


.21189 


.08346 


.75197 


.7702 


34 


0.65 


0.69675 


9.84308 


1. 21879 


0.08593 
.08843 


0.57167 


975715 


1.7493 


0.24285 


34 


; .66 


.70897 


.85063 


.22582 


.57836 


.76220 


.7290 


.23780 


35 


.67 


.72126 


.8580*; 


.23297 


.09095 


.58498 


.76714 


:^ 


.23286 


11 


.68 


•733(^3 


.86548 


.24025 


•09351 


.59152 


•77»97 


.22803 


.69 


.74607 


.87278 


.24765 


.09609 


.59798 


.77669 


.6723 


.22331 


36 


070 


o.758«;8 


9.88000 


1.25517 


0.09870 


0.60437 


9.78130 


1.6546 


0.21870 


37 


•71 


.77117 


.887 1 5 


.26282 


.10134 


.61068 


.78581 


•6375 


.21419 


37 


.72 


.78384 


.89423 


.27059 


.10401 


.61691 


.79022 


.6210 


.20978 


38 


.73 


.79659 


.90123 


.27849 


.10670 


.62307 


•79453 


.6050 


.20547 


38 


•74 

1 


.80941 


.90817 


.28652 


.10942 


.62915 


•79875 


.5895 


.20125 


3^ 


0.75 


0.82232 


9.91504 


1.29468 


0.11216 


\64io8 


9.80288 


I 5744 


ai97i2 


39 


.76 


•83530 
.84838 


.92185 


•30297 


."493 


.80691 
.810S6 


.5599 


.19309 


39 


! -77 


.92859 


•3"39 


'^^773 


.64693 


•5458 


.18914 


40 




.8615^ 


.93527 


.31994 


.12055 


.65271 


.81472 


•532' 


.18528 


4C 


.79 


.87478 


.94190 


.32862 


.12340 


.65841 


.81850 


.5188 


.18150 


41 


i 0.80 


0.888 r I 


9.94S46 


'm 


0.12627 


0.66404 


9.82219 


1.5059 


0.17781 


41 


! .81 


.90152 


.95498 


.12917 


.66959 


.82581 


•4935 


.17419 


42 


.82 


•91503 
.92863 


.96144 


:& 


.13209 


•67507 


•829:55 


.4813 


.17065 


42 


.83 


.96784 


.13503 
.13800 


.68048 


.83281 


.4606 


.16719 


42 


.84 


•94233 


.97420 


.37404 


.68581 


.83620 


.4581 


.16380 


43 


i 0.8 «; 


0.95612 


9.98051 


'•38353 


0.14099 


0.69107 


9^83952 


1.4470 


0.1604S 


43 


! .86 


.97000 


.98677 


•393 »o 


.14400 


.69626 


•84277 


.4362 


•15723 


44 


.87 


.98398 


.99299 


.40293 


.14704 


.70137 


.84900 


.4258 


.15405 


44 


.88 


.09806 


.99916 


.41284 


.15009 


.70642 


.4156 


.15094 
.14789 


44 


JS9 


101224 


0.00528 


.42289 


.153^7 


•71 139 


.85211 


.4057 


45 


0.90 


1.02652 


0.01137 


1-43309 


0.15627 


0.71630 


'g^ 


'-^^ 


0.1 4491 


45 


.91 


.04090 


.01741 


.44342 


.'5939 


.72113 


.3867 


.14199 


46 


.92 


•05539 


.02341 


•45^90 
.46453 


.16254 


.72590 


.86088 


•3776 


.13912 


46 


•93 


.06008 


.02937 


.16570 
.16888 


.73059 


.86^68 


.3687 


.13632 


46 


.94 


.08468 


.03530 


.47530 


.73522 


.86^42 


.3601 


.13358 


47 


0.0 1; 


1.09948 


0.041 19 


1.48623 


0.17208 


0.73078 


9.86910 


1.3517 


0.13090 


47 


.96 


.11440 


.04704 


.49729 


•17531 
.17M5 


.74428 


•87173 


•3436 


.12827 


48 


.97 


•12943 


.05286 


!5i988 


.74870 


.87431 


.3356 


.12569 


48 


.98 


.14457 
•15983 


.OSS64 


.18181 


.75307 


.87683 


.3279 


.12317 


48 


! -99 


.06439 


.53141 


.18509 


.75736 


.87930 


.3204 


.12070 


49 


1. 00 

1 


1. 17520 


0.0701 1 


1.54308 


ai8839 


0.76159 


9.8817a 


i.3'30 


0.1 1828 


49 



•MITH90NIAN TAILEt. 



Tabu 1 6 (eMMuMd). 
HYPERBOLIC 



AA 








TaBLI 16 {c^mium 


«»). 




• 








■ ■ 






HYPERBOLIC FUNCTIONS. 












•mh*a 


ooalua 


Canb. 


ooth.a 








n 


















ffd. 





Nat. 


Log. 


Nat. 


Log. 


Nat 


Log. 


Nat. 


Log. 




1.50 


2.12928 


0.32823 


2.35241 


0.37 1 51 


0.90515 
.90694 


9.95671 


1. 1048 


O.Q4328 


640 


51' 




•5> 


.15291 


-33303 


.37382 


•37545 


•95758 


.1026 


.04242 


^5 


05 




•52 


.17676 


.33781 


•39547 


•37939 


.90870 


•95842 


.1005 


.04158 


65 


20 




•53 


.20082 


.34258 


•41736 


.38334 


.91042 


•95924 
.96005 


•0984 


.04076 


f5 


3i 




•54 


.22510 


•34735 


•43949 


.38730 


.91212 


•0963 


•03995 


65 


48 




'•.11 


2.24961 


0.3521 1 


2.46186 


0.39126 


0.91379 


996084 


1.0943 


ox)3Qi6 
.03838 
.03762 


66 


02 




•27434 


.35686 


.48448 


•39524 


.91542 


.96162 


.0924 


66 


16 




•57 


.29930 


.36160 


•50735 


•39921 


•91703 


.96238 


!o886 


66 


30 




.58 


.32449 


.36633 


•53047 


.40320 


.91860 


& 


.03687 


66 


43 




•59 


.34991 


.37105 


.55384 


40719 


•92015 


.0868 


.03614 


66 


57 




1.60 


2.37557 


0.37577 


2.57746 
.60135 


0.41 1 19 


0.92167 


9-96457 


1.0850 


0.03543 


67 


10 




.61 


40146 


.38048 


.41520 


.92316 


.96528 


•^32 


.03472 


67 


24 




.62 


.42760 


•38518 


.62549 


.41921 


.92462 


:® 


.0815 


.03403 
•03336 


67 


37 




.63 


.45397 
.48059 


.38987 


•64990 


•42323 


.92606 


.0798 


% 


50 




.64 


•39456 


.67457 


•42725 


.92747 


.96730 


.0782 


.03270 


03 




1.65 


2.50746 


0.39923 


2.69951 


0.43129 


0.92886 


9.9^9'; 


1.0766 


ao3205 


68 


y 




.66 


.56196 


•40391 
•40857 


.72472 


•43532 


•93022 


•0750 


.03142 


68 




.67 


.75021 


•43937 


•93155 
.93286 


.96921 


•0735 


•03079 


68 


41 




.68 


!6I748 


.41788 


.77596 


•44341 


.96982 


.0720 


.03018 


68 


53 




•69 


.80200 


•44747 


.93415 


.97042 


.0705 


.02958 


69 


05 




1.70 


2.64563 


0.42253 


2.82832 


0.45153 


0.93541 
.93665 

•93786 


9.97100 


1. 0691 


0.02900 


69 


18 




•71 


.67405 


.42717 


•^5491 
.88180 


•45559 
•45906 

•46374 
.46782 


.97158 


.0676 


.02842 


59 


30 




.72 


.7027; 
.73168 
.76091 


.43'8o 


.97214 


•0663 


X)2786 


69 


42 




•73 


•43643 


•90897 


•93906 


.97269 


.0649 


.02731 


69 


54 




.74 


.44105 


•93643 


•94023 


•97323 


.0636 


.02677 


70 


05 




':?! 


2.79041 


0.44567 


2.96419 


047 191 


0.94138 


997376 


1.0623 


0.02624 


70 


17 




.82020 


45028 


•99224 


47600 


•94250 


.97428 


.0610 


.02572 


70 


29 




•77 


.85026 
.88061 


45488 


3.02059 


.48009 


.9430" 


.97479 


.0508 
•0585 


.02521 


70 


40 




.78 


.45948 
.46408 


.04925 


.48419 


.94470 


•97529 


.02471 


70 


5» 




•79 


.91125 


.07821 


.48830 


•94576 


•97578 


•0574 


.02422 


71 


03 




1.80 


2.94217 


0.46867 


3-10747 


0.49241 


0.94681 


9.97626 


1.0562 


0.02374 


71 


14 




.81 


•97340 


•47325 


• 13705 


.49652 


•94783 


.97673 


•0550 


.02327 


71 


^ 




.82 


3.0049a 


.47783 


.16694 


.50064 


.94884 


.97719 


•0539 
.0528 


.02281 


71 




.83 




.48241 


.19715 
.22768 


.50476 


•94983 


.97764 


.02236 


71 


46 




.84 


.06886 


.48698 


.50889 


.95080 


•97809 


•0518 


.02191 


71 


57 




i.8s 


3.10129 


0.49154 


3.25853 
.28970 


0.51302 


0.95175 
.9526J; 


9.97852 


1.0507 


0.02148 


72 


08 




.86 


.13403 
.16709 


.49610 


.51716 


.97895 
.97936 


.0497 


.02105 


72 


18 




'll 


.50066 


.32121 


.52130 


.95359 


.0487 


.02064 


72 


29 




.88 


.20046 


.50521 


•35305 
.38522 


.52544 


•95449 


.97977 


.0477 


.02023 


72 


39 




.89 


•23415 


.50976 


•52959 


•95537 


.98017 


.0467 


.01983 


7^ 


49 




1.90 


3.26816 


0.51430 
.51884 


3^4«773 
.4505^ ' 
•48378 


0.53374 


0.95624 


9.98057 


1.0458 


0.01943 


72 


59 i 




•91 


.30250 


.53789 


•95709 


.98095 


.0448 


.01905 


73 


09 




.92 


•33718 


.52338 


•54205 


•95792 


.98133 


.0439 


.01867 


73 


19 




•93 


.37218 


.52791 


.5»733 


•54621 


.95873 


.98170 


.0430 


.01830 


73 


29 




.94 


•40752 


.53244 


•55123 


•55038 


•95953 


.98206 


.0422 


.01794 


73 


39 . 




•:^ 


3^44321 


0.53696 


358548 
.62009 


0.55455 


0.96032 


9.98242 


1.0413 


0.01758 


73 


^ 


• 


.47923 


.54148 


.55872 


.96109 


.98276 


.0405 


.01724 


73 


58 




•97 


.51561 


.54600 


•65507 


.56290 


.96185 


.98311 


.0397 


.01689 


74 


07 




.98 


.55234 
.58942 


•55051 


.69041 


.56707 


.96259 


.98344 


.0389 


.01656 


74 


'? 




•99 


.55502 


.72611 


.57126 


•96331 


•98377 


.0381 


.01623 


74 


26 




2.00 


3.62686 


0.55953 


3.76220 


0.57544 


0.96403 


9.98409 


1-0373 


0.01591 


74 


35 
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TABLK 1 6 (oMMMMd). 

HYPERBOLIC FUNCTIONS. 



45 





nnb. a 


coah. u 


tanlktt 


ooth. 0. 


_■ 


a 


NaL Log. 


Nat 


Log. 


Nat 


Log. 


Nat. 


Log. 


ga.a 


2J0O 
.01 
J02 

•03 

.04 


3.62686 0.55953 
.66466 .56403 
.70283 .56853 

•74138 •57303 
.78029 .57753 


3.76220 
.79865 

.03549 
.87271 

.91032 


0.57544 
•57963 

.'58&2 
.59221 


0.96403 

.96473 
.96541 
.96609 
.96675 


9.98409 
.98440 
.98471 
.98502 

•9853' 


I.037J 
.0366 
.0358 

.0351 
.0344 


0.01 591 
.01560 

.01520 

.01498 
.01469 


74*^35' 
74 44 

74 53 
7502 

75 " 


.07 

.08 
■09 


3.81958 0.58202 
.85926 .58650 
.89932 .59099 
.93977 .59547 
.^061 .59995 


3.94532 
.98671 

4,02550 
.06470 
.10430 


.60482 

•60903 
.61324 


0.96740 
.96803 

.96926 
.96986 


9.98560 

:® 

.98644 
.98671 


1.0337 
.0330 

.0324 

.0317 
.0311 


0.01440 
.01411 

.01383 
.01356 
.01329 


75 20 
75 28 
75 37 
75 45 
75 54 


2.10 
.11 
.12 

•J3 
.14 


4.02186 a6o443 
.06350 .60890 
.io«5 .6I3J7 
.14801 .61784 
.19089 .62231 


4.14431 
.18474 
.22558 
.26685 

•3085s 


0.61745 
.62167 

.62589 

.6301 1 

•63433 


0.97045 
.97103 
.97159 
.97215 
.97269 


9.98697 
.9874^ 

.'9879^ 


1.0304 
.0298 
.0292 
.0286 
.0281 


0.01303 

.01277 

.01252 
.01227 

.01202 


76 02 
76 10 

76 19 
76 27 

7635 


.18 
.19 


4.23419 0.62677 

.27791 .63«3 
.32205 .63569 

.36663 .64015 

41 165 .64460 


4.35067 
.39323 
.43623 
47967 
.52356 


0.63856 
.64278 
.64701 

^65548 


0.97323 
.97375 
.97426 

.97477 
.97526 


9.98821 

.98890 
.98912 


1.0275 

X>270 

.0264 

•0259 
•0254 


0.01179 
.01155 
.01132 
.01 1 10 
.01088 


7643 

7658 
77 06 
77 14 


2.20 
.21 
.22 

•23 


4457 II a6490S 
.50301 .65350 

•54936 •6}79S 
.59617 .66240 

.64344 .66684 


4.56791 
.61271 

•65797 
.70370 

.74989 


.66820 
.67244 
.67668 


0.97574 
.97622 

.97668 

.97714 
.97759 


9.98934 

•^955 
.99016 


1.0249 

.0244 

•0239 
•0234 

.0229 


0.01066 
.01045 
.01025 
.01004 
.00984 


77 21 
77 29 
77 36 
77 44 
77 51 


':ll 

■^ 
^ 


4.691 17 a67i28 

•7:937 •67572 
.7^804 .68016 

.8' 720 .68459 

.8^684 .68903 


4.79657 
.84372 
.89136 

.98810 


0.68093 
.68518 

.68943 
.69368 
.69794 


0.97803 
.97846 
.97888 
.97929 
.97970 


999035 
•99054 

•99073 
.99091 

.99109 


1.0225 
.0220 

.02X6 

.0211 
.0207 


aoo965 
.00946 
.00927 
.00909 
.00891 


77 58 
7805 

78 12 

78 26 


*-30 
•3» 

1 -3* 
•33 

■ -34 


4.93696 0.69346 

.98758 .69789 

5.03870 .70232 

•09032 .70675 
.14245 .71117 


.23878 


0.70219 
.70645 
.71071 
•71497 
.71923 


0.98010 

.98124 
.98161 


9.99127 

.99144 
.99161 

.99178 
•99194 


1.0203 

.0199 
.0195 

.0101 
.0187 


0.00873 
.00856 
.00839 
.00822 
.00806 


7833 
7840 

78 46 

7853 

79 00 


•39 


5.191510 0.71559 
.24827 .72002 
.30196 .72444 
.35618 .72885 
•41093 .73327 


5.29047 
.34269 

•39544 
.44873 
.50256 


0.72349 
.72776 
•73203' 
•73630 
.74056 


a98i97 

.98233 
.98267 

.98301 
.98335 


9i992io 
.99226 
.99241 
.99256 
.99271 


1.0184 
.0180 
.0176 

.0173 

.0169 


aoo790 
.00774 

.00759 
.00744 
.00729 


79 06 
79 13 

79 >9 
79 25 
79 32 


MO 
.41 
42 

•43 
•44 


546623 0.73769 
.52207 .74210 
.57847 .74652 
.63542 .75093 
•69294 ^75534 


.61189 

.66739 
.72346 
.78010 


0.74484 

•749" 
.75338 
.75766 

.76194 


0.98367 
.98400 

.98431 
.98462 

.98492 


9.99285 

•99299 
.99313 
•99327 
•99340 


1.0166 
.0163 

.0159 

.0156 

•0153 


0.00715 
.00701 
.00687 
.00673 
.00660 


7938 
79 44 
79 50 

79 56 

80 02 


' 48 
1 -^9 


5.75103 0.7S975 
.80569 .76415 
.86893 .76856 
,92876 .77296 
.989^8 .77737 


5.83732 
.89512 

^•95352 
6.01250 

.07209 


0.76621 
.77049 

.77477 
.77906 

.78334 


a98522 
.98551 

.98635 


9^993S3 
•99366 

•99379 
.99391 
•99403 


1. 01 50 

•0147 
.0144 

.0141 

.0138 


0.00647 
.00634 
.00621 
.00609 
.00597 


8008 
80 14 
80 20 
80 26 
80 31 


2.50 


&05020 0.78177 


6.13229 


0.78762 


0.9S661 


999415 


I.OI36 


0.00585 


8037 
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TaBLC 1 e if<dlmii*i. 



Table 1 6 ieonttnuedy 
HYPERBOLIC FUNCTIONS. 



47 



J. 

A 

4 

i 

•9 

40 
.1 

.2 

•3 

4 

•9 
50 



■inh. a 



Kat. 



Los* 



iaoi79 1*00078 

iix>765 .04440 

12.2459 .08799 

'3-5379 •I3'5S 

14-9054 .17509 

1615426 1.21860 

18.2855 -26211 

2a2ii3 .30559 

22-3394 .34907 

24.6911 .39254 

27.2899 143600 

30.1619 .47946 

33-3357 .52291 

3&8431 .566^6 

40-7 «93 .60980 

45XK.30 ..65g4 

.74012 
.78355 

67.1412 .82699 

74.2032 1.87042 



49^737' 

54.9090 
60.7511 .78355 



coah. a 



Nat. 



Log* 



iao677 
11.121J 
12.2866 

13-5748 
14-9987 



1.00293 
.04610 
.08943 

•>3273 
.17605 



16.5728 1.21940 

18.3128 .26275 

20.2^60 .30612 

22.3618 -34951 

24.7"3 39290 



27.3082 

30.1784 

333507 
36.8567 

4a73i6 

45.0141 
49.7472 
54.9781 

60.759 
67 



-7593 
.i486 



1.43629 
.47970 

•52310 
.^6652 

•60993 

'•65335 
.69677 

.74019 

.78361 

.82704 



74.2099 1.87046 



tanh. o 



Nat. Log. 



0.99505 9-99785 

•99595 ^99824 

.99668 .99856 

•99728 .99802 

.99777 .99903 

0.99818 9.99921 

.99851 .99935 

•99878 .99947 

•99900 .99957 

.99918 .99964 

0.99933 9-99971 

•99945 .99976 

•99955 ^99980 

.99963 .99984 

.99970 .99987 



0.99975 
.99980 

-99983 
-99986 

.99989 



9.99989 
.99991 
.99993 
-99994 
.99995 



0.99991 9-99996 



coth. a 



Nat. 



1.0050 
.0041 

•0033 
.0027 

.0022 

1. 0018 
.0015 
.0012 
.0010 
.0008 

1.0007 
.0005 
.0004 
.0004 
.0003 

1.0002 
.0002 
.0002 
.0001 
.0001 



Log. 



[76 



0.002 ] 
.001; 
.00144 
.00118 
xxx)97 



0.00079 
.00065 
.00053 
.00043 
.00036 

0.00029 
.00024 
.00020 
.00016 
.00013 

0.0001 1 
.00009 
.00007 
.00006 

.00005 



I. 0001 0.00004 



gd* a 



84O18' 

84 50 

85 20 

8547 

86 II 

8632 

86 52 

87 10 

87 26 
8741 

88 06 
88 17 
88 27 
8836 

88 44 
88 51 

88 57 
8903 
8909 

8914 



TaUs 17. Fftotoilali. 

See taUe 15 for logarithms of the products i.a.3. . . . m from i to zoo. 
See table 31 for log. r («+/) for values of n between ixxx> and a.000. 



I- 


h: 


ftm ^"^ I. 2. 3" *f • • • ft 


M 


. 


I. 


I 


I 


\\ 


^.16666 66666 66666 66666 66667 
.04166 66666 66666 66666 66667 
.00833 33333 33333 33333 33333 


2 

6 

24 
120 


2 

3 
4 

5 


6 

I 

9 

10 


0.00138 88888 88888 88888 88889 
xxx>i9 84126 08412 69841 26984 
.00002 48015 87301 58730 15873 
.00000 27557 31922 398^8 90653 
.00000 0275s 73192 23985 89065 


720 

5040 

40320 

3 62880 

36 28800 


6 

I 

9 
10 


II 
12 

14 
IS 


0.00000 00250 j2io8 38^44 1 7 188 
.00000 00020 87675 69878 68099 
.00000 oooox 60590 43836 82 1 61 
.00000 00000 1 1470 74559 77297 
jooooo 00000 00764 71637 31820 


399 16800 

4790 01600 

62270 20800 

8 71782 91200 

130 76743 68000 


II 
12 

13 
14 
15 


16 

\l 

19 
30 


0.00000 00000 00047 79477 33239 
.00000 00000 00002 81 145 72543 
.00000 00000 00000 1 5619 20097 
.00000 00000 00000 00822 06352 
.00000 00000 00000 00041 10318 


2092 27898 88000 

35568 74280 96000 

6 40237 37057 28000 

121 64510 04088 32000 

2432 90200 81766 40000 


16 

\l 

19 
20 
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Table 18. 
EXPONENTIAL FUNCTION. 



O.0O 
.01 
.02 

.04 

0.05 
.06 
.07 
.08 
.09 

0.10 
.II 
.12 

:\l 

.19 

0.20 
.21 
.22 

•23 
.24 

0.25 
.26 

.27 
.28 

.29 

I 

.31 I 
.32 J 

.33 

•34 

0-35 
•36 : 

.38 ! 

•39 ; 

0.40 
41 
42 

•43 ! 
.44 

.46 I 

.47 : 
.48 

49 
0.50 ' 



logu)(««) 



«x 



0.00000 
.00434 
.00809 

.01303 
•01737 

0.021 7 1 

.02606 
.03040 

.03474 
•03909 

0.04343 
.04777 

X>5212 
.05646 
.06080 

0.06514 
.06949 

.07383 
.07817 
.08252 

0.08686 
.09120 

•09554 
.09989 
.10423 

0.10857 
.11292 
.11726 
.12160 
.12595 

0.13029 
.13463 
.13897 
•14332 
.14706 

0.15200 

.10009 
.16503 
.16937 

0.17372 
.17806 
.18240 
.18675 
.19109 

O.I9S43 
.19978 

.20412 
.20846 
.21280 



1.0000 
.0101 
.0202 
.0305 
.0408 

!o6i8 
.0725 

.0833 
.0942 

I.IOJ2 
.1163 
.1275 
.1388 
•^503 

I.1618 

•1735 

•1853 
.1972 

.2092 

1.2214 

•2337 
.2461 

.2586 

.2712 

1.2840 
.2969 
.3100 

•3231 
•3364 

'•3499 

•3634 

•3771 
.3910 

.4049 

1.4191 

•4333 
•4477 
.4623 

.4770 

1.4918 
.5068 
.5220 

•5373 
•5527 

1.5683 
.5841 
.6000 
.6161 
.6323 



1.000000 

0.990050 

.980199 

.970446 

.960789 

0.951229 
.941765 

•932394 
.923116 

.91393' 

0.904837 

.895834 
.886920 
.87809 

.86935 

0.860708 
.852144 
.843665 
.835270 
.826959 

0.818731 
.810584 
.802519 



it 



a7788oi 
.771052 

.763379 
.755784 
.748264 

0.740818 

•733447 
.726149 

.7 18924 

.711770 

0.704688 
.697676 
.690734 
.683861 

.677057 

0.670320 
.663650 
.657047 
.650509 
.644036 

0.637628 
.631284 
.625002 
.618783 
.612626 






0.21715 1.6487 0.606531 



0.50 

.51 
•52 

•53 

.54 

o-SS 
.56 

.58 
.59 

a6o 
.61 
.62 

.64 

0.65 
.66 
.67 
.68 

.69 

0.70 

•71 
•72 

•73 
.74 

'77 
.78 

•79 

0.80 
.81 
.82 

'P 
.84 

0.85 
.86 
.87 
.88 
.89 

0.90 

•91 
.92 

•93 
.94 

0.95 

.98 
.99 

1.00 



logioC**) 



0.2 17 1 5 
.22149 
.22583 
.23018 

.23452 

0.23886 
.24320 

.24755 
.25189 

.25623 

0.26058 
.26492 
.26926 
.27361 

•2779s 

0.28229 
.28663 
.290^ 




0.30401 

.30835 
.31269 

.31703 

.32138 

0.32572 
.33006 
•33441 
•33875 
•34309 

0.34744 
•35178 
.35612 
.36046 
.36481 

0.36915 
.37349 

.38652 

0.39087 

•39521 

•39955 
.40389 

.40824 

0.41258 
.41692 
.42127 
.42561 

.42995 



1.6487 

.6820 
.6989 

.7160 

1.7333 
.7507 
.7683 
.7860 
.8040 

I.822I 
.8404 
.8589 
.8776 
.8965 

I.9I5 

•934" 
.9542 

•9739 
•9937 

2.0138 

.0340 

.0544 
.0751 

.0959 

2.1 170 

.1383 
.1598 
.1815 
.2034 

2.2255 
.2479 
.2705 

•2933 
.3164 

2.3396 

i 

.4109 
•4351 

2.4596 

.4843 
•5093 

•5345 
.5600 

2.5857 
.6117 

.6045 
.6912 



0.60653 K 
.600496 

.59452 X 

.5886015 
.58274S 

0.576950 
.571209 

•5^5525 
•559898 
.554327 

0.548812 
.543351 

•537944 
.532592 
.527292 

0.522046 
.516851 
.511709 
.506617 
.501576 

0.496585 
.491644 
486752 
.481909 
.477114 

0.472367 
.467666 
463013 
.458406 

453845 

0.449329 
.444858 
.440432 
.436049 

4317" 

0.427415 
423162 
.418952 

.4147s 
41065 

0.406570 
.402524 

•398519 
.394554 
.390628 

0.386741 
.382803 

•379083 
•3753" 
•371577 



0.43429 2.7183 0.367879 
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X 


logi«(#') 


#« 


#— * 


X 


logia(**) 


9X 


t-x 


3^oo 

•03 
.04 


1.30288 

.30723 

•3" 57 

•3»59i 
.32026 


20.086 
.287 
.491 

.697 
.905 


0.049787 
.046292 

.048801 

.048^16 

•04783s 


3.50 
•51 
•52 

•53 
•54 


1.52003 

.52437 
.52872 

.53306 

.53740 


33." 5 
.448 

.784 
34.124 

.467 


0.030197 
.029897 
.029599 
.029305 
x>290i3 


.09 


1.32460 

.32894 
.33328 
•33763 
•34197 


21. 115 
.328 
.542 
.758 
.977 


0.047359 
.046? 88 

.046421 

.045959 
.045502 


% 

•59 


1. 541 7 5 
.54609 

•55043 

•55477 
.55912 


34813 
35163 

•5^7 

.874 
36-234 


0.028725 
.028439 
.028156 
.027876 
.027598 


3.10 
.11 

.12 

•«3 

.14 


•35500 


32.198 
.421 
.646 

.874 
23.104 


0.045049 
.044601 

.044157 
.043718 

.043283 


360 
.6i 
.62 

.64 


1.56346 
.56780 

•57215 


.906 

37.338 

o-7*3 
38.093 


ao27324 
J027052 
.026783 
.026510 
.026252 


3.15 

.16 

:;i 

.19 


1.36803 
.37237 

138106 
.38540 


23336 

.807 

24.047 

.288 


0.042852 
.042426 
x>42004 
.041586 
.041172 


.67 
.68 

.69 


1.58517 
.58952 

.59386 
.59820 
.60255 


38.475 
.861 

39.252 
.646 

40.045 


ao2599i 

•025733 
.025476 
.025223 
.024972 


3-20 

.21 
.22 

.24 


1.38974 

.39409 

•39843 
40277 

.40711 


24.533 
.779 

25.02S 
.280 

•534 


0.040762 
•040357 
.039955 

.039557 
.039164 


3-70 

•71 
.72 

•74 


1.60689 
.6112; 
.61558 
.61992 
.62426 


40447 

41.264 

.679 

42.098 


0.024724 
x}24478 
.024234 

•023993 
•023754 


•27 
.28 

•29 


1.41146 
41580 
.42014 
42449 
42883 


25.790 
26.050 

^3 


0.038774 
•038388 
.038006 
.037628 

.037254 


3-7S 

.76 

% 

.79 


1.62860 

•63295 
.63729 

.6416; 
.64598 


42.521 

43.380 

.816 

44.256 


0.023518 
.023284 
.023052 
.022823 
.022596 


330 

•3' 
•32 
•33 
•34 


1.43317 

•^3751 
.44186 

44620 
.45054 


27- "3 

.938 
28.219 


0.036883 
.036516 

.036153 
•035793 
•035437 


.81 

.82 

.84 


1.65032 
.65466 
.65900 


44.701 

45-150 

.604 

46.063 

•525 


ao2237i 
.022148 
.021928 
.021710 
.021494 


•39 


1.45489 

.45923 
.40357 
.46792 
.47226 


28.503 
.789 

29.079 


0.035084 

•034735 
.034390 

.034047 
.033709 


% 

-89 


1.6720'; 

^68506 
.68941 


46.993 
47.465 

.942 

48.424 

.911 


0.021280 
.021068 
.020858 
.020651 
.020445 


340 
•41 
42 

•43 
•44 


1.47660 
.48094 

.48529 
.48963 

•49397 


29.964 

30.265 

.569 

.877 
31.187 


0.033373 
.033041 
.032712 

.032387 
.032065 


3-90 
.91 

.92 
.93 
.94 


.70243 
.70678 
.71112 


49.402 

.899 
50400 

•907 
51-419 


0.020242 
.020041 
.019841 
x>i9644 
.019448 


^1 

.47 
48 

•49 


149832 
.50266 

.50700 

•5"34 
.51569 


31.500 

.817 

32.137 
.460 

.786 


0.031746 
.031430 

.031117 
.030807 
.030501 


3-95 

.98 
•99 


1.71546 
.71981 
.72415 
.72849 

•73283 


5»-935 

53-5'7 
54-055 


0.019255 
.019063 
.01S873 
.018686 
.018500 


3.50 


1.52003 


33^"S 


0.030197 


4.00 


1-737 '8 


54.598 


0.018316 
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Table 18 (coHtmmJ). 
EXPONENTIAL FUNCTION. 



X 


log.«(-«) 


4« 


r- 


1 ' 


logw(**) 


g» 


x 


4.00 

.01 
.02 

•03 
.04 


1-73718 

.75021 
.75455 


54.598 

55-147 
.701 

56.261 

.826 


0.0183 1 6 
.018133 

-017953 
.017774 

.017597 


4-50 
•5' 
.52 
•53 
•54 


.90301 

•96735 
.97170 


90.017 
.922 

91.836 

92.759 
93.691 


aoi 1 109 1 

.010781 
^10673 


.09 


1.75889 

.76324 
.76758 
.77192 
.77626 


57.397 

•974 

58.557 

59. MS 
.740 


0.017422 
X)i7249 
.017077 
.016907 
.016739 


.59 


.98473 
.98907 

-99341 


94.632 

95.583 

96.544 
97514 
98.494 


0.010567 1 
.010462 i 
.010358 > 
J0IO255 
.010153 


4.10 
.11 
.12 

.13 
.14 


1.78061 

.78495 
.78929 

.79364 
.79798 


60.340 

^ .947 

61.559 

62.178 

.803 


0.016573 
.016408 
.016245 
.016083 

-015923 


4-6o 
.61 
.62 


1.99775 
2.00210 

.00644 

.01078 

.0x513 


99.484 

100.48 
101.49 
102.51 

103.54 


0.010052 t 
.009952 
.009853 
.009755 
.009658 


.17 
.18 
.19 


1.80232 
.80667 
.81101 

!8i969 


63.434 
64.072 

651361 
66x>23 


0.015764 
.015608 

.015452 
.015299 

'.01 5146 


4.65 

.66 
•69 


2.01947 

.02816 
.03250 
.03684 


104.58 

105.64 

106.70 


0.009562 
.009466 
.009372 
.009279 
.009187 


4.20 
.21 
.22 

.23 

.24 


X. 82404 
.82838 
.83272 

.83707 
.84141 


66.686 

67.357 
68.033 

69408 


0.014996 
.014846 

.014699 
.014552 
x>i44o8 


4.70 

•71 
.72 

•73 
•74 


2.041 18 

.04553 
.04987 

.05421 

.05856 


109.9s 
111.05 
112.17 

"3-30 
"4.43 


0.009095 

.008739 1 


.27 
.29 


1.8457s 
.85009 

•85444 
.85878 

.86312 


70.105 

.810 

71.522 

72.240 

.966 


0.014264 
.014122 
.013982 
.013843 

.013705 


1 4-75 

•77 
! ^78 

.79 


2.06290 
.06724 
.07158 

.07593 
.08027 


"S.58 
116.75 

117.92 

119.10 

120.30 


0.008652 
.008566 
.008480 
.008396 
.008312 


4-30 
•31 
•32 
•33 
•34 


1.86747 
.87181 

.88050 
.8S484 


73.700 

74.440 

75.189 

.944 
76.708 


0.013569 

.013434 
.013300 

.013168 

.013037 


4.80 
.81 
.82 

.84 


2.08461 
.0S896 

.09330 
.09764 
.10199 


121.51 
122.73 

123.97 
125.21 

X 26.47 


aoo823o 
.008148 
.008067 
.007987 
.007907 


4.3s 
•30 

.38 
.39 


1. 88918 
•59352 

.89787 
.90221 

.90655 


77.478 
78.257 
79.044 

79.838 
80.640 


0.012907 
.012778 
.012651 
.012525 
.012401 


4.85 
.86 

-87 
.88 

.89 


2.10633 
.11067 

.XI 501 

.11936 
.12370 


X 27.74 
129.02 
130.32 

131-63 
132.95 


0.007828 

.007750 

.007673 

.007597 
.007521 


4.40 

41 
42 

.43 
.44 


1.91090 
.91521 
.91958 

.92392 
.92827 


81451 
82.269 
83.096 

84.775 


0.012277 
.012155 
.01 2034 
.011914 
.01 1 796 


4.90 
,91 
.92 

.93 
.94 


2.12804 

.13239 
.13673 

.14107 

.14541 


134.29 

135-64 
137.00 

138-38 

139.77 


0.007447 
.007372 

.007299 

.007227 

.007155 


40 

48 
49 


1.93261 

•9369s 
.94130 
.94564 

.94998 


85.627 
86.488 

88.235 
89.121 


0.01 1679 
.01 1 562 
.011447 

.011333 
.011221 


1 "-.P 

.97 
.98 
.99 


2.14976 

.15410 

.15844 

.16279 

.16713 


141.17 

142.59 
144.03 

145.47 
146.94 


0.007083 
.007013 
.006043 
.006874 
.006806 


4-50 


1.95433 


90.017 


0.0x1 109 


5.00 

1 


2.17147 


148.41 


0.006738 
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Tabli 1 9. 

EXPONENTIAL FUNCTIONS. 

▼alM ol a** and a-x' ud thata lotultkaui. 



X 


^' 


log/=' 


#""*^ 




1 


0.1 

2 

3 

4 
S 


I.OIOI 

1.0408 

1.0942 
1.173s 

1.2840 


0.00434 

01737 
03909 
06949 
10857 


0.99005 

96079 

91393 
85214 

77880 


1.99566 
98263 
96091 

93051 
89143 




0.6 

7 
8 

9 

1.0 


1-4333 

1-6323 
1.8965 

2.2479 

2.7183 


0.15635 
21280 

27795 
35178 
43429 


0.69768 
61263 
52720 
44486 
36788 


1.84365 

78720 
72205 
64822 

56571 




1.1 

2 

3 

4 
5 


3-3535 
4.2207 

5-4195 
70993 
94877 


0.52550 
62538 

73396 
85122 

97716 


0.29820 
23693 

18452 
14086 

10540 


T.47450 
37462 

26604 
14878 
02284 




1.6 

7 
8 

9 

2.0 


f .2936 X 10 
1.7993 " 

2-5534 " 
3.6966 " 

5-4598 " 


1.11179 
2551 1 
4071 1 
56780 
73718 


0.77305 X 10-1 

55576 ;; 
39164 " 
27052 ** 
18316 « 


2.88821 
74489 
59289 
43220 
26282 




2.1 

2 

3 
4 
S 


8.2269 « 
1.2647 X io2 

1.9834 " 

3-'735 " 
5. 1 801 " 


1.91524 

2.10199 

29742 

50154 

7M34 


0.12155 " 

79071 X io-« 

50418 ;; 
31511 
19305 «♦ 


2.08476 

3.89801 
70258 
49846 
28566 




2.6 

9 
3-0 


8.6264 *' 
1.4656 X io» 
2.5402 " 
4.4918 " 
8.1031 " 


2.93583 
3. 1 0601 

40487 

65242 

90865 


0.1 1 592 " 

68233 X IO-* 

39367 ;; 
22263 " 

I 2341 " 


3.06417 

4.83399 
59513 
34758 
09135 




3.1 

2 

3 
4 
5 


1.4913 X 10* 
2.8001 " 

5-3637 " ^ 
1.0482 X io» 

2.0898 " 


4.17357 
44718 

72947 
5.02044 

3201 1 


0.67055 X IO-* 

35713 " 
18644 •* 
95402 X io-« 

47851 " 


S.82643 
55282 

, 27053 

5.97956 

67989 




3.6 

9 
4.0 


4.2507 " 
8.8205 « 
1.8673 X 10* 

1^? « 


5.62846 

94549 
6.27 121 

60562 

94871 


0.23526 " 
"337 ** 
53553 X io-» 
24796 " 
11254 « 


6.37154 

_o545i 

7.72879 

39438 

05129 




4J. 

2 

3 

4 
5 


1.9975 X loT 

4. ^OOQ " 

1.07 18 X 10^ 

2.5582 " 

6.2296 " 


7.30049 

66095 

8.03010 

40794 
79446 


0.50062 X 10-^ 
21830 " 

93303 X io-« 
39089 " 
16052 « 


5.6995* 

9.96990 
59206 
20554 




4.6 

I 

9 

5-0 


1.5476 X 10^ 
3.9225 " 
1.0142 X 10" 

2.6755 " 

7.2005 " 


9.18967 

59357 
10.00614 

42741 
85736 


0.64614 X I0-* 
98595 X lo-w 

37376 " 

13888 " 


X0.81033 

40643 
11.99386 

57259 
14264 
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1 ^ 


^^ 


logtf^ 




logtf ^ 


1 

I ^ 

1 3 

1 4 
1 5 


2.1933 
4.8105 

1. 0551 X 10 

2.3141 

5-0754 •* 


0.34109 

1.02328 
•36438 
•70547 


0.45594 
.20788 

.94780 X lo-i 

•43214 " 
.19703 " 


T.65801 
.31781 

2.97672 
.63562 

•29453 


1 ^ 

1 9 
1 *^ 


1.X132 X 10^ 
2.441 5 " 

5-3549 ". 
1. 1745 X 10^ 
2.5760 *• 


2.04656 
•38766 
.72875 

3.06985 
.41094 


0.89833 X io-« 
.40958 " 
.18674 " 
.85144 X io-» 
.38820 " 


3-95344 
•61234 

.27125 


1 ^ 

1 '3 

1 '^ 


5.6498 " 
1.2392 X 10* 

2.7178 " 
5.9610 •* 

"•3074 X 10* 


3-75203 

4-09313 
.43422 

.77532 
5.11641 


ai7700 ** 
.80700 X 10-* 

.36794 '* 
.16776 " 

.76487 X 10-* 


5.24797 

590687 

.56578 

.22468 

§•88359 


' 


16 

»7 
i8 

20 


2.8675 •' 
6.2893 « 

1-3794 X 10^ 
}0254 •* 

S6356 - 


.79860 

6.13969 
48079 

.82188 


0.34873 " 
.15900 - 

.72495 X io-« 

•33053 I 
.15070 •* 


6.54249 
.20140 

7.86031 

.51921 

.17812 



Tabuc 21 • 
EXPONENTIAL FUNCTIONS. 

V* 



▼aliM of err* nd e 



* MBd tlitir lofizltlimi. 



* 



1.5576 
2.4260 
3.7786 

^M 

14.277 
22.238 
34-636 
53-948 
84.027 

130.88 
203.85 

317.50 

494.52 
770.24 

"99-7 
1868.6 
a9ia4 

4533-1 
7o6as 



log^" 



10244 
38488 

57733 
76977 
96221 

15465 
34709 
53953 
73198 
92443 




3.07907 
.27151 

.46395 



•65639 
.84883 






0.64203 
.41221 
.26465 
.16992 
.10909 

0.070041 
.044968 
.028871 
•018536 
.011901 

0.0076408 
.0049057 
.0031496 
.0020222 

xx>i2983 

0.00083355 
•00053517 
.00034360 
.00022060 
.00014163 



log^" 



T.80756 
.61512 
.42267 
.23023 

•03779 

2.84535 
.65291 

•46047 
.26802 

.07558 

3.88314 
.69070 
.49826 
.30582 

•"337 

4.92093 
.72849 

.53605 
.34361 
.i5"7 
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56 Tables 22 and 23. EXPONENTIAL FUNCTIONS AND LEAST 8QUARE& 

TABLB 88. — Bip—iatfa! FoBOttou. 
Value of ^ and r* and their logarithms. 



X 

1/64 


<• 


log/- 


^ 


X 

«/3 


^ 


log/- 


^ 


1.0157 


0.00679 


0.98450 


1-3956 


0.14476 


0.71653 


1/32 


•0317 


•01357 


.96923 


xlz 


.6487 


.21715 


.60653 


I/I6 


.0645 


.02714 


•93941 


3/4 


2.II7O 


•32572 


-^l^E 


i/io 


.X052 


•04343 


.90484 ' 


i I 


.7183 


•43429 


.36788 


1/9 


.1175 


.04825 


.89484 


S/4 


3-4903 


.54287 


.28650 


1/8 


'•1331 


0.05429 


0.88250 


3/2 


4.4817 


0.65144 


0.22313 


1/7 


•'536 


.06204 


.86688 


7/4 


57546 


.76002 


-17377 


1/6 


.1814 


.07238 


.84648 


2 


7.3891 


.86859 


•^3534 


'^5 


.2214 


.08686 


.81873 


9/4 


9-4877 


.97716 


.10540 


1/4 


.2840 


.10857 


.77880 


S/2 


12.1825 


1.08574 


.08208 



TABLB 88. — LatitSquiM. 

Values of P = —^^ *' r-<*')* ^/ (Ax), 

This table gives the value of P, the probability of an observational error having a value posi- 
tive or negative equal to or less than x when A is the measure of precision, P = ^ A g-i^i^ 
d(hx). For values of the inverse function see the table on Diffusion. 



kx 



0.0 

.1 
.2 

•3 
-4 

0.5 

.6 

i 

•9 

1.0 

.1 
.2 

•3 
.4 

1.5 

.6 

i 

•9 
2.0 

.X 

.2 

•3 
-4 

2.5 

.6 

i 

•9 
3.0 



.11246 
.22270 
.32863 
.42839 

.52050 
.60386 
.67780 
.74210 
.79691 

.84270 
.88021 
.91031 

.93401 
.95229 

.96611 

•9763s 

-98379 
.98909 

•99279 

■99532 
.99702 

.99814 

.99886 

•9993^ 

•99959 
.99976 

.99987 
.99992 
.99996 

.99998 



i 



.01128 
.12362 

.23352 
•33891 
-43797 

2924 
1168 
.68467 
.74800 
.80188 

.84681 

-88353 
.91296 

.93606 

.95385 

.96728 
.97721 
.98441 

-98952 
-99309 

•99552 

-99715 
.99S22 

.99891 

•99935 

.99961 

.99978 

-99987 
•99993 
•99996 

•99999 



.02256 
•13476 
.24430 
•349 » 3 
.44747 

•53790 
.61941 

.69143 

.80677 

.85084 
.88679 

.91553 
•93807 
•95538 

.96841 
•97804 
.98500 

.98994 
.99338 

•99572 
.99728 
.99831 
.9989 

•9993' 

•99963 

•99979 
.99988 




.99999 



.03384 

•14587 
.25502 

•35928 
45689 

.54646 
.62705 
.69810 

.75952 
.81156 

.85478 
.88997 
.91805 
.94002 
.95686 




•97884 
.98558 

•99035 
•99366 

•99591 
.99741 

.99839 
.99902 

•99941 

.99965 
.99980 
.99989 

.99994 

•99997 

1.00000 



0451 1 

15695 
26570 

36936 
46623 

55494 

634 
704 

76514 
81627 

85865 
89308 
92051 
94191 

95830 

97059 
97962 
98613 

99074 
99392 

99609 

99753 
99846 
99906 
99944 

99967 
99981 

99989 
99994 
99997 




27637 

37938 
47548 

56332 
64203 

71110 

77067 

82089 

86244 
89612 
92290 
94376 
95970 

97162 
98038 
98667 
99111 
99418 

99626 
99764 

99854 
9991 1 
99947 

99969 
99982 

99990 
99994 

99997 



6 



06762 
1 7901 
28690 

389 
484 

57162 

64938 

7»754 
77610 

82542 

86614 

89910 

92524 

94556 
96105 

97263 
98110 
98719 

99»47 
99443 

99642 

99775 
99S61 

99915 
99950 

99971 
99983 
99991 
99995 
99997 



I 



07886 
18999 
29742 
39921 
49375 

7982 
5663 
72382 
78144 
82987 

86977 
90200 
92751 

94731 
96237 

97360 
98181 

98769 
99182 

99466 

99658 

99785 
99867 
99920 

99952 
99972 
99984 
9999> 
99995 
99997 



09008 
20094 
30788 
40901 

50275 
58792 
66378 
73001 
78669 

83423 

87333 
90484 

92973 
94902 

96365 

97455 

98249 
98817 

,99216 

99489 

99673 
99795 
99874 
99924 
99955 

99974 
99985 
99992 

99995 
99997 



. 



.10x28 
.21184 
.31828 
41874 
.51167 




.73610 
.79184 
.83851 

.87680 
.90761 

■93»9o 
.95067 
.96490 

.97546 

198864 
.99248 
.99511 

.99688 

.99880 
•99928 
•99957 

.9997 
.9998 

•99992 
•99996 

•99998 



2 r* 

Taken from a paper by Dr. James Burgess 'on the Definite Integra] y;^^ f^ dt^ with £]^ 

tended Tables of Values.' Trans. Roy. Soc of Edinburgh, vol. xxxiz, 1900^ p. 257. 
•mithsomian Tailcs. 



Table 24. 57 

LEAST SQUARES. 

This table gires the TaloM of the probability P* at defined in last taUe, cemtponding to different valoes of 
xi r where r is the '* probable error/' The probable error r is equal to 0.47694 / h. 



0.0 

ai 
o^ 

0-3 
OA 

0J& 

0.6 
0.7 
08 

0-9 

1.0 

I.I 
1.2 

1-3 
M 

1^ 

1.6 

17 
i^ 

1.9 

2.0 

2.1 
2.2 

2-3 
2.4 

2.5 

2.6 

2.7 
2.8 

2-9 



_ 



3 

4 
5 



■OOOOO 

■05378 
.10731 

.'21268 

.26407 
■3H30 

•36317 
41052 

45618 

.50000 
.54188 
.58171 
.61942 
.65498 
•68833 
.71049 
.74847 
•77528 
•79999 
.82266 

•8433 
.8621 

.87918 
•89450 

.90825 
.92051 

•93>4i 
.94105 

•94954 



.95698 

•99302 
.99926 



•00538 
05914 
11264 
16562 
21787 

26915 

31925 

36798 

4i5»7 
46064 

50428 
5459 

^55, 
62308 

65841 

69155 
72249 

75124 

77785 
80235 

82481 

84531 
86394 

88078 
•89595 

92106 

93243 
94195 
95033 

1 
.96346 

•9943» 
•99943 




.69474 
.72546 
.75400 
.78039 
.80469 

.82695 
.84726 
.86570 
.88237 

.89738 

.91082 
.92280 

•93344 
.94284 

.95111 

.96910 

•99539 
.99956 



3 



01614 
06987 
12328 
17614 
22821 

27927 
32911 

37755 
42440 

46952 

51277 

55404 

59325 
63032 

60521 

69791 
72841 

75674 
78291 

80700 

82907 
84919 

86745 
.88395 

89879 

91208 
92392 

93443 

94371 
95187 



.97397 
99627 

.99966 



X>2I52 

•07523 
.12860 

.18138 

.23336 

.28431 
•33402 

.38231 
42899 

•47393 

.51699 

.55806 

.59705 

•63391 
.66858 

.70106 
•73134 

•75945 
.78542 

.80930 

.83117 
•85109 

•86917 
.88550 

.90019 

•9' 332 
•92503 
•93541 
.94458 

•95263 

4 

•97817 
•99700 

•99974 



.02690 
.08059 



.70419 

•73425 
.76214 

.78790 

.81158 

•53324 
•55298 
.87088 
.88705 
.90157 

.91456 
.92613 
•93638 

•94543 
•95338 



.98176 
.99760 
•99980 



.03228 

•08594 
.13921 
.19185 
.24364 

.29436 
•34380 
.39178 

.43813 
48270 

.56602 
.60460 
.64102 
.67526 

.70729 

•73714 
.76481 

•79036 
•81383 

.85486 

•87258 
88857 

90293 

91578 
92721 

93734 
94627 

95412 



.98482 
.99S08 

•99985 



03766 
09129 

14451 
19707 

24876 

39649 
44267 

48705 
52952 




^ 33 
64454 
67856 

71038 
74000 
76746 
79280 
81607 

83734 
85671 

87425 
89008 

90428 

91698 
92828 
93828 
947 II 

95484 



•98743 
•99848 
.99988 



8 



04303 
09663 
14980 
20220 
25388 

30435 
35352 
401 18 

44719 

49139 

53366 

57391 
61205 

64804 
68184 

71344 
74285 

77009 

22 

28 

53936 

85854 
87591 

89157 
90562 

91 81 7 
92934 
93922 

94793 
95557 

8 
.98062 

•99879 
•99991 



9 



.04840 
10197 
15508 

20749 
25898 

30933 



405, 

45169 

49570 

53778 
57782 
61575 

71648 

74567 
77270 

79761 

82048 

84137 
.86036 

87755 
•89304 
90694 

91935 
93038 
94014 

94874 
95628 



•99147 
•99905 
•99993 



Table 26. 
LEAST SQUARES. 

Value ol tht faolor o.674ft^^. 

TUs factor occur* in the equation r^ ^ 0.6745*%/ ^ . for the probable error of a sin^e obeervationt and other 

nxnilar equations. 



n 


= 


1 


a 


3 


4 


5 


6 


7 


8 


9 


00 






0.6745 


0.4769 


0.3894 


0.3372 
.1803 


0.3016 


°:?^ 


0.2549 
.1636 


0.2385 


10 


a2248 


0.2133 
.1502 


•2034 


.1947 


.1871 


.1742 


.1590 


20 


.1547 


.1472 


.1438 


.1406 


.1377 


.1349 


.1323 


.1298 


.1275 


30 
40 


.1252 
.1080 


.1000 


.1211 
.1053 


.1192 
.1041 


.1174 
.1029 


."57 
.1017 


.1140 
.1005 


.1124 
.0994 


.1109 
.0984 


.1094 
.0974 


50 

60 


"i:^ 


0.0554 
.0871 


"^ 


0.0935 
.0857 


0.0026 
.0850 
.0789 


0.0918 
.0843 


0.0909 
.0837 


0.0901 
.0830 


0.0893 
.0824 


0.0886 
.0818 


z° 


JC&12 


.0806 


.0800 


.0795 


.0784 


.0779 


.0774 


.0769 


.0764 


80 


.0759 


.0754 


.0749 


•0745 


.0740 


.0736 


.07'>'» 


'^S^ 


•°Zo3 


•^i^ 


90 

1 


-0715 


jorjii 


.0707 


•0703 


.0699 


.0696 


.0692 


.06S8 


.0685 


.0681 
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Table 2a -LEAST SQUARES. 

ValiM ol Ut fMlor 0.674 



'*^M^)- 



—7 r- for the prolMble error of tho 



n 


^ 


1 


a 


a 


4 


6 


6 


f 


• 


• 


00 






0.4769 


0.2754 


0.1947 


0.1508 


O.1231 


ai04i 


aoQoi 


0x795 


lO 


0.071 1 


0.0643 


.0587 


.0540 


.0500 


.0465 


•043s 
x>265 


.0409 


x>386 


•0365 


20 


.0346 


•0329 


.0314 


•0300 


.0287 


.0275 
.0190 


X>2KS 


X>24S 


x»37 


30 


.0229 


.0221 


.0214 


.0208 


.0201 


.0190 


.0180 


•0175 


40 


.0171 


.0167 


.0163 


.0159 


.0155 


.0152 


/>I48 


X)i45 


^142 


•0139 


50 


0.0136 


0.0134 


0.01 31 


0.0128 


0.0126 


aoi24 


aoi22 


OJOI19 


OUOI17 


OOIIC 


6o 


•0113 


.0111 


.0110 


.0108 


.0106 


.0105 


.0103 


JOIOl 


.0100 




70 


.0097 


.0096 


•0094 


.0093 


.0092 


.0091 
.0080 


.0089 


.OOoO 


.0087 




8o 


.0085 


.0084 


.0083 


.0082 


.0081 


.0079 


.0078 


•0077 


•035 


90 


.0075 


.0075 


.0074 


.0073 


.0072 


.0071 


.0071 


xx>70 


XX369 





Tablk 27. -least SQUARES. 

ViluM ol tlw fMlor O.B*n9^- ,^ ' 



2v 



This factor occurs in the approximate equation r =0.8453 , for the probable error of a dogle 

yii(it— /) 



n 


— 


1 


a 


a 


4 


6 


6 


? 


m 


a 


00 






0.5978 


o.345» 


0.2440 


0.1800 
.0583 


o.»S43 
x)546 


0.1304 


0.1 110 

x>483 


OAM^ 


10 


0.0891 


0.0806 


.0736 


.0677 


.0627 


.0513 


•04S7 


20 


•0434 
.0287 


.0412 


.026! 


.0376 


.0360 


•0345 


.0332 


.0319 


.0307 


•0297 


30 


.0277 


.0260 


.0252 


.0245 


•°^35 


^2^2 
^182 


■.0225 
.0178 


J0230 


40 


.0214 


.0209 


.0204 


.0199 


.0194 


.0190 


.0x86 


^174 


50 


0.0171 


0.0167 


0.0164 


aoi6i 


0.01 58 


0.0155 


aoi52 


aoi50 


00147 


aoi4S 


60 


.0142 


.0140 


.0137 


•013s 


•0133 


.0131 


.0129 


X>127 


JOl2$ 


.oin 


70 


.0122 


.0120 


.0118 


.0117 


.0115 


.0113 


.0112 


.GUI 


.0109 


80 
90 


.0106 
.0094 


.0105 
.0093 


.0104 
.0092 


.0102 
.0091 


.0101 
.0090 


.0100 
.0089 


.0009 
.0089 


xxnS 
xxxS 


x)oo7 

.0087 


J6 



Table 28. -LEAST SQUARES. 
ValVM of 0.8469- ^ 



n^ttr-l 



This factor occurs in the approximate equation ro=o.8453- 



'V«— I 



for the probable error of the arithmetical 



n = 


1 


a 


a 


4 


6 


6 


T 


B 


a 


00 

lO 
20 

30 
40 

50 

60 

70 
80 

90 


0.0282 
.0097 
.0052 
.0034 

0.0024 
.0018 
.0015 
.0012 
.0010 


0.0243 
.0090 
.0050 

•0033 
0.002 ' 

.001 r 
.0014 

.00(2 

.0010 


0.4227 
.0212 
.0084 
.0047 
.0031 

0.0023 
.0017 
.0014 
.0011 
.0010 


0.1993 
.0188 
.0078 
.0045 

xx>30 

0.0022 
.0017 
.0014 
.0011 
.0009 


0.1220 
.0167 
.0073 

.0043 
.0029 

0.0022 
.0017 
.0013 
.0011 
.0009 


0.0845 
.0151 
.0009 
.0041 
.0028 

0.0021 
.0016 
.0013 
.0011 
.0009 


0.0630 

•^ 

.0005 
.0040 
.0027 

0.0020 
.0016 
.0013 
.0011 
.0009 


0.0493 

X)I24 

XX361 

.0038 

J0027 

0.0020 
.0016 
.0013 
.0010 
.0009 


0.0399 
.0114 

/x>58 

•0037 

J0026 

oxx>t9 
.0015 

XX)I2 
4X)IO 
•0009 


ox)33J 
joto5 
.0055 
.003s 
X0S5 

aooig 
.0015 

XOII 

joon 
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Tablk 29. 
LEAST SQUARES. 



59 



ObBervation equations : 

aizi + bxZj + . . . liZq = Ml, weight pi 
at zi + bgza + . . . IsZq = M3. weight ps 



anZi + bnZ2 + • • • ln2q = Md> weight pn. 

Auxiliary equations : 

Tpaal =pia| +Pfa| + . . • Pnag. 
[pabj = piaibi + Psa^bg + . . . pnanbn. 

[paM] = piaiMi + pja^Mj + . . . pnanMn. 

Konnal equations : 

rpaa]zi + [pablza + . . . [pallzq = [paM] 
[pabjzi + [pbbjzj + . . . [pblj^q = [pbM] 

'[pla]zi + [plb]zj + . . . [pUJzq =' [plM]. 

Solution of nonnal equations in the fonn, 

zi = Ai[paMl + BiFphM] 4- . . . LiFplM] 
z, = Aa[paMj + BjLpbMj + . . . LtLPlMj 

z, = An[paM] + Bn[pbM] + . . . LnCplM], 



gives: 



weight of zi == pii = (Ai)-» ; probable error of zi a=s — L^ 

weight of zj = pzj = (Bj)-i ; probable error of zj = — -^ 

\/P«, 



weight of zq = px- = (Ln)~*; probable error of Zq = 



VP«^ 



wherexn 



r a== probable error of observation of weight unity 
a= 0.6745 a/ — ^ . (q unknowns.) 

Arithmetical mean,n observations: 

r = 0.6745 *%/ — — =B ^^ (approx.) s=probable error of ob- 

\ n— 1 ^n(n— i)' servation of weight unity. 



VZ v* 0.84^') Z V 
-7-—-: = r=— (approx-) = probable error 
n(n-i) nVn-i of mean. 



Weighted mean, n observations: 

r - 0.6745 V|?T' '■'' ";^="'-«74S V(^:olb 

Probable error (R) of a function (Z) of several observed quantities zx, zs, . . . whose 
probable errors are respectively, ri, rf, . . . . 

Z = f (zi, zj, . . .) 

Examples : 

Z = zi±zs+... R« = rJ + rJ+-.. 

Z = Azi ± Azi ± . . • R* =A« rj + B«tJ+ . .% 

Z«"ZiZfl. R« = Zi«rJ + Zi«r;. 
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Tablk 30. 
DIFFUSION. 



.-^^W 



Inverse* value* otf/r^ 

log z = log {if) + ]og's/til / «xpteued in *ecoDd>. 
~ log > + \o%i/ii. t apteMed in daji. 
= log7+logv'^ " "yean. 



Ill-iSfZiP-iSo- 



TABLK 30 (canimMni), 
DIFFUSION. 



6i 



^/c 


logaf 


«^ 


loga 


« 


logy 


y 


\ 0.50 

-51 
-52 

-53 
-54 


9-97949 
.96029 

'94848 
•93784 


0.95387 
.93»74 

!86665 


2.44775 

•43755 
42722 

.41674 

40610 


280.38 

273-87 
267.43 
261.06 

254.74 


3.72904 

.71884 

• .70851 

"^9 


5358.4 
5234.1 
511 1.0 
4989.1 
4868.4 


0.55 

-56 

% 
-59 


9.92704 
.91607 
•90490 
.80354 
.88197 


0.84536 
.82426 

.78260 
.76203 


2.39530 
.38432 
.37316 
.36180 

•35023 


248.48 
242.28 

236.13 
230.04 

223.99 


3.67659 

.66501 

.65445 
.64309 

.63152 


4748.9 
4630.3 
4512.8 

4396.3 
4280.7 


0.60 

.61 
.62 

-64 


9.87018 

.84587 

•!3332 
.82048 


a74i6i 

.72135 
.70124 

.68126 
.66143 


2.33843 
.32640 

.31412 

•3?i57 
.28874 


217.99 

212X>3 
206.12 
200.25 
194.42 


3-61973 

.60770 

*5g54] 
.58286 

.57003 


4166.1 
4052.2 

3939.2 
3827.0 

3715-6 


0.65 

.66 
.67 
.68 
.69 


11 

.76590 
.75133 


a64i72 
.62213 
.60266 

.58331 
.56407 


2.27560 
.26214 

.24833 
.23416 

.21959 


188.63 
182.87 

177.15 
171.46 

165.80 


3.55689 

.54343 
.52962 

150088 


3604.9 
3494.9 
33854 
3276.8 

3168.7 


1 O.70 

1 74 


9.73634 
.72089 

.68849 

.67146 


488^ 
4693' 


2.20459 
.18915 

.17321 

.15675 
.^3972 


160.17 

154.58 
149.01 

14347 

»37-95 


348588 
.47044 
45450 
43804 
.42101 


3061.1 

2954-2 
2847.7 
2741.8 
2636.4 


0.75 

/ .76 

•77 
1 .78 

•79 


9.65381 

.6x626 
•S7590 


0.45062 
43202 
.41348 

.39502 
.37662 


2.12207 
.10376 
.08471 
.06487 
.04416 


132.46 
126.99 
121.54 
1 16.1 1 
110.70 


3-40336 

.38505 
.36600 

.34616 
.32545 


25354 
2426.9 

2322.7 

2219.0 

21 1 5.7 


0^ 

.8 1 
^2 

15 


9.55423 

.53150 
.50758 

•48235 
45504 


0.35829 
.34001 
.32180 

•30363 
.28552 


2.02249 

1.99975 
.97584 
.95061 

.92389 


105.31 

99-943 
04.589 

89.250 

83.926 


3-30378 
.28104 

.25713 
.23190 

.20518 


2012.7 

IQIO.O 
1807.7 

17057 
1603.9 


0.85 

•17 
.88 

-89 


942725 
.39695 
•36445 
.32940 

.29'3S 


0.26745 

.24943 

.23145 
.21350 

.»9S59 


1.89551 
.86521 
.83271 
.79766 
.75961 


78.615 

68.032 
62.757 

57.492 


3.17680 
.14650 
.11400 
.07895 

304090 


15024 
1 401. 2 
1300.2 
11994 
1098.7 


0.90 

•91 
•92 

93 
•94 


9.24972 

.20374 

•15239 

.09423 
9.02714 


ai777i 
.15986 

.14203 

.12423 

.10645 


1. 7 1 797 
.67200 

.62065 

.56249 

.49539 


52.236 
46.989 

41.750 
36.516 
31.289 


2.99926 

.95329 
.90194 

.84378 
-77668 


898.03 
797.80 
697.88 
597.98 


0.a5 
-96 

•97 
-98 

-99 


.72580 

.54965 
.24859 


ao8868 

.07093 
.05319 
.03545 
.01773 


1. 41 609 

.3^907 
.19406 

.01701 

a7i684 


26.067 
20.848 

xS-633 
10.421 

5.21007 


2.69738 
.60036 

-47535 
.29020 

1-99813 


498.17 ■ 

398.44 
29S.78 

199.16 
99571 


[^^ 


—00 


0.00000 


—00 


0.00000 


— 00 


0.000 
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Table 3f • \ 
GAMMA FUNCTION.* 



▼alwollof 



'X"'"*' 



»— **i+10. 



Values of tlie logarithms -f- lo (tf the " Second Eulerian Integral ** (Gamma function) 



J ^00 




loglXi 



for values of h between i and a. When h has values not lying between i and s the yalne of the fonctioa 
readily calculated from the equation r(«-f-i) = mT\m) = m(«— i) . . . {m—r)T{H—T). 



1.00 

I.OI 
1.02 

1.03 
1.04 

1.05 

i^ 
1.07 
1.08 
1.09 

1J.0 

1. 11 

1. 12 

1. 14 

1.15 

1. 16 
1.17 

1. 18 

1. 19 

1.20 

1. 21 
1.22 
1.23 
1.24 

1.25 

1.26 
1.2/ 
1.28 
1.29 

1.30 

1-32 
'•33 
1-34 

1.35 

1.36 

^•37 
1.3S 

1-39 

1.40 

1. 41 
1.42 

1-43 
144 



9.99 

75287 

51279 
27964 

05334 

9-9883379 
620S9 

41455 
21469 

02123 

9.9783407 

65313 
47^34 
30962 

146S9 

9.9699007 
83910 

69390 
55440 
42054 

9.9629225 

16946 

05212 

594015 

83350 

9957321 1 
63592 

54487 
45891 
37798 

99530203 
23100 

16485 

10353 
04698 

9-94995 » 5 
94800 

90549 

86756 

834^7 

9.9480528 

780S4 
760S1 

745^5 
73382 



97497 

"0^55 
48916 

25671 

03108 

81220 

59996 
39428 
19506 
00223 

81570 

63538 
46120 

29308 
13094 

97471 
82432 

67969 

54076 

40746 

27973 
15748 
0406S 

92925 
82313 

72226 
62658 

53604 

45059 
37016 

29470 
22417 

09766 
04158 

99023 

94355 
90149 
86402 

83108 

80263 
77864 
75905 



95001 

70430 
46561 

23384 




79068 
57910 
37407 

i7m 
95329 

79738 
61768 
4441 1 

27659 
1 1 505 



5941 




66554 
52718 

39444 

26725 

14550 
02930 
91840 
81280 

71246 
61730 

52727 
44232 

36239 

28743 

21739 
15220 

09184 

03624 

98535 

93913 

89754 
86052 

82803 

80003 
77648 
75733 



74382 ; 74254 
73292 73207 



92512 
6801 1 
44212 
21 104 
98^ 

76922 
55830 
35392 

15i22 
96442 

77914 
60005 

42709 
26017 
09922 

94417 

79493 
6514 

38147 

25484 

'3369 
01796 

90760 

80253 

70271 
60806 

5'855 
43410 

35467 

28021 
21065 

14595 
08606 

03094 

98052 

93477 
89363 
85707 
82503 

79748 
77437 
75565 
74130 
73125 



90030 
65600 
41870 
18831 
9647^ 

74783 
53757 
33384 
13255 
94501 

5824! 

41013 

24381 

0834s 

92898 
78033 
63742 
50019 
36856 

24248 
12188 
00669 
89685 

79232 

69301 
59888 
50988 

42593 
34700 

27303 
20396 

13975 
08034 



02505 

97573 
93044 
88977 

85366 
8220S 

79497 
77230 
75402 

74010 
73049 



39535 
16564 

94273 

72651 
51600 

31382 
1171 




74283 
56497 

39323 
22751 

06774 

91386 

76578 
62344 

48677 
35570 

23017 
IIOII 




;i6 
78215 

68337 

5897s 
50126 

41782 
33938 

26590 
19732 

'335? 
07466 

02048 

97100 
92617 

88595 
85030 

81916 

79250 
77027 

75243 
73894 
72976 



85087 
60798 
37207 

92080 



72476 

37638 
21126 
05209 

89879 
75129 
60952 
47341 
34290 




67377 
58067 

49268 

40975 
33»8i 

25883 

19073 
12748 

06903 
01532 

96630 
92194 
88218 
84698 
81630 

79008 
76829 

75<^ 
73783 
72908 



B2627 
58408 
34886 
12052 




i 



70676 

53014 
35960 
19508 
03650 

88378 
73686 
59566 
46011 
33016 

is 

494 
76198 

66423 

48416 

40173 
32429 

2C180 
15419 
12142 

06344 
01 02 1 

96166 
01776 
87846 

84371 
81348 

78770 
76636 

74939 
73676 
72844 



8 



80173 
56025 




87715 



66294 

45530 
25415 
OS941 
87100 

68882 
51 281 
34288 
17896 
02096 

86883 
72248 
58185 
44687 
31747 

19358 




34482 
17770 
11541 
05791 
00514 

95706 

87478 
84049 

81070 

76446 

74793 
73574 
727^4 



777^7 
53648 
30265 

07567 
SS544 

64188 

43489 

23439 
04029 

852^ 

67095 

49555 
3262a 

16289 
00549 

56810 

433? 
30483 

18150 
06381 
05111 

84393 
74201 

645P 

5! 




3858s 

lOQiO 

17115 

10914 
0524* 

OOOIS 

9PS« 
90«3 
8711S 

8ot« 
80797 

'X 

7465s 
7347J 
727*1 



* Legendre's ** Exercises de Calcul Integral," tome iL 
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Tablc 32. 
ZONAL SPHERICAL HARMONICS * 



Dcgnes 


Pi 


Pi 


P. 


P* 


P. 


Pf 


Pf 


o 


+ i.d6tlD 


+ 1.0000 * 


+ 1.0000 


+ 1.0000 


+ 1.0000 


+ IXXXX) 


+ 1.0000 


-^ 


.9998 


•9995 


•9991 


•9985 


•9977 


.9714 


•9957 


I 


■m 


•9959 


•9963 
.9918 


.9758 


•9909 


.9830 
J9620 


.9976 


•9927 


•9854 


•9495 


•9329 


i 


+ 0.9962 


+ 0.9886 


+ 0.9773 


+ 0.9623 


+ 0.9437 


+"^f 


+ 0.8962 


•9945 


.9836 


.9674 


•9459 


.0194 
^11 


.8522 


I 


.9925 


•9777 


•9557 


.9267 


.8492 


.8016 


•9903 
.9877 


•9709 


.9423 


.0048 


.8589 


.8054 


'li^^ 


9 


•9633 


•9273 


.8803 


.8232 


.7570 


.6830 


lO 


+ 0.9848 


+ 0.9548 


+ 0.Q106 
•8923 


+ 0.8532 


+ 0.7840 


+ 0.7045 


+a6i64 


II 


.9816 


•9454 


.8238 


'l^ll 


.6483 


.5462 


12 


.9781 


•9352 


.8724 


.7920 


.6966 


.5891 


.3^ 


13 


.9744 


.9241 


.8511 


.7582 


.6489 


•5273 


14 


•9703 


.9122 


.8283 


.7224 


•5990 


-1635 


.3218 




+ 0.9659 


+ °-52?5 


+ 0.8042 
.7787 
•75*9 


+ 0.6847 


+ 0.5471 


+ 0.3983 


+ 0.245s 


•9613 
.9563 


.8860 
.8718 


.6046 


.4937 


m 


+ .»7a> 


i8 


.9511 


.8568 


•7240 


.5624 


.2002 


+ .0248 


«9 


•9455 


.8410 


.6950 


.5192 


•3276 


•1353 


— •0433 


20 


+ 0.9397 


+ 0.8245 


+ o;g4g 


+ 0.4750 


+ 0.2715 


+ 0.0719 


— 0.1072 


21 


•9336 


.8074 


.4; 00 


.2156 


+ />io6 


.1664 


22 


.9272 


.7895 


.6019 


.1602 


— .0481 


.2202 


«3 


.9205 


.7710 


.5692 


.1057 


— .1038 


.2680 


a4 


•913s 


.7518 


•5357 


.2926 


.0525 


- .1558 


•3094 


U 


+"J® 


+ 0.7321 


+ a5oi6 


+ 0.2465 


+ 0.0009 


— a2O40 


— 0.344' 


•?"Z 


4670 


.2007 


— .0489 


.2478 


•37 '7 


% 


.8910 
.8829 


.6908 


•4319 


•1553 


— ^0964 


.2869 


•3922 


.6694 


•3964 


.1105 


— .1415 


.3212 


•4053 


^9 


.8746 


.6474 


.3607 


.0665 


- .1839 


•3502 


4'»3 ' 


30 


+ a866o 


+ 0.6250 


+ 0.3248 


+ 0.0234 
— .0185 


— 0.2233 


— 0.3740 


— 04102 


3» 


•!57^ 


.6021 


.2887 


•2595 


•3924 


.4022 


32 


.8480 


.5788 


.2527 


— .0501 

— .0982 


•2923 
.3216 


•4053 


.3877 


33 


^387 


.5551 


.2167 


4127 


.3^' ' 


34 


^290 


.5310 


.1809 


— -1357 


.3473 


•4147 


.3409 


Jl 


+ 0.8192 


+ 0.506c 

.4818 


+ 0.1454 


— 0.1714 


— 0.3691 


—0.41 14 


— 0.3096 


.'79^ 


.1102 


.2052 


.3871 


•^231 


.2738 


^ 


.4567 


•0755 


.2370 


.4011 


•3898 


.2343 
.1918 


,7880 


.4314 


.0413 


.2666 


.4112 


.3719 


39 


'777 i 


.4059 


.0077 


.2940 


•4'74 


.3497 


.1470 


40 


+ 0.7660 


+ 0.3802 


— 0.0252 


—0.3190 


— 04197 


— 0.3236 


—0.1006 


41 


.7547 


•3544 


•0574 
.0887 


.3416 


.4181 


•2939 


— •0535 


42 


.7431 


.3284 


.36 » 6 


.4128 


.2610 


43 
44 


•73H 
•7193 


•3023 
.2762 


.1191 
.1485 


•379' 
•3940 


4038 
.3914 


•"SS 

.1878 


+ .0398 
+ .0846 


t^ 


+ 0.7071 


+ 0.2500 
.2238 


— 0.1768 
.2040 


— 0.4063 
.4158 


"TsS 


— 0.1484 

— .1078 


+ 0.1271 
.1667 


% 


.6820 


.1977 


.2300 


.4227 


•3350 


— .0665 


.2028 


.6691 


.1716 


.2547 


4270 


.2836 


— .0251 
+ .0101 


'^ 


49 


.6561 


.1456 


.2781 


4286 


50 


+ 0.6428 


+ 0.1 198 


— 0.3002 


— 04275 


—0.2545 


+ ao564 


+ 0.2854 
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J 

1 


dtgrtu 


Pt 


P. 


P. 


Pi 


Pi 


Pt 


P» 


1" 
1 

1 


SP 


+ 0.6428 


+ aii98 


— a3002 


—0.4275 


— 0.2545 


+ 0.0564 


+ 0.2854 


■ s> 


•6293 


'^l 


.3209 


4239 


•2235 


•0954 


•303" 


5* 


•f"S7 


x)686 


.3401 


4178 


.1910 


.1326 


•3»54 




S3 
54 


.6018 
.5878 


.0433 

X)l82 


•3578 
.3740 


4093 
.3984 


.1571 
.1223 


.1677 
.2002 


.3221 
•3234 




55 


+ 0-5736 


— aoo65 


-a3886 


—0.3852 


— 0.0868 


+ 0.2297 
.2560 


+ 0.3191 


56 


•559; 


.0310 


4016 


.3698 


— .0509 


•3095 


SZ 


.5446 


^& 


4131 


.3524 


— .0150 


.2787 


•2947 




58 


.5299 


4229 


•3331 


+ .0206 
+ ^0557 


.2976 


.2752 




59 


.5150 


.1021 


4310 


.3"9 


•3125 


.2512 




6o 


+ 0.5000 


— ai25o 


—04375 


— 0.2891 


+ 0.0898 


+ 0.3232 


+ a223i 




6i 


.4848 


•1474 


.4423 


.2647 


.1229 


.3298 


.1916 




62 


4695 


.1694 


•4455 


.2390 


.1545 
.1844 


•3321 


.1572 




^J 


.4540 


.1908 


.4471 


.2121 


•3y>2 


.1203 
.0818 




64 


4384 


.2117 


4470 


.1841 


.2123 


.3240 




tl 


+ 04226 


— a232i 


— 04452 


— 0.1552 


+ 0.2181 


+ 0.3138 


+ 0.0422 




.4067 


.2518 


4419 


.1256 


.2615 


•2997 
.2819 


+ .0022 




67 


.3907 


.2710 


4370 


•0955 


.2824 


— -0375 




68 


.3746 


.2895 


4305 


.0651 


.3005 
•3158 


.2606 


— .0763 




69 


.3584 


.3074 


4225 


.0344 


.2362 


— •"35 




70 


+ 0.3420 


— 0.3245 


— 04130 


— 0.0038 


+ 0.3281 


+ a2o89 


-^•i^ 




1 71 


.3256 


•3^12 


4021 


+ .0267 


•3373 


.1791 




. 72 


.3090 


.3568 


.3898 


.0568 
.0864 


•3434 
.3463 


.1472 


•2099 




73 


.2924 


'^VJ^ 


•3761 


.1136 
x>788 


•2352 
.2563 




1 ^* 


.2756 


.3860 


.3611 


•"53 


•3461 




'^ 


+ 0.2588 


— 0-399S 


— 0.3449 


+ 0.1434 


+ 0.3427 


+ 0.0431 
+ .0070 


— a2730 
.2850 




.2419 


4122 


.3275 


.1705 


•3362 




77 


.2250 


4241 


.3090 


.1964 


.3267 


— .0290 


.2921 




78 


.2079 
.1908 


•435* 


.2894 


.2211 


•3>43 


— .0644 


.2942 




i ^ 


.4454 


.2688 


.2443 


•2990 


— .0990 


.29»3 




80 
81 


+0-1736 
.15S4 


— 0.4548 
•4033 


— a2474 
.2251 


+ 0.2659 
.2859 


+ 0.2810 
.2606 


— 0.1321 
•"635 


-0.2835 
.2708 




82 


.1392 


4709 


.2020 


.3040 


•2378 


.1927 


•2536 




!3 


.1219 


.4836 


.1783 


•3203 


.2129 


.2193 


.2321 




84 


.1045 


•1539 


•3345 


.1861 


•2431 


.2067 




II 


+ OJ0872 


— 0.4886 


— 0.1 291 


+ a3468 


+ 0.1577 
.1278 


— a2638 


— 0.1778 




.0698 


4927 


.1038 
.0781 


:^S 


.2810 


.1468 






•0523 


4959 
4982 


.0969 


•2947 


.1117 




•0349 


.0522 


.3704 


.0651 


•3045 


.075S 
x)3$i 




! ^ 


.0175 


4995 


.0262 


•3739 


•0327 


•3"os 




90 


+ oxxxx> 


— a50oo 


— 0.0000 


+ 0.3750 


+ 0.0000 


— a3i25 


— OX)000 

I 
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Table 34. 6y 

MOMENTS OF INERTIA, RADII OF GYRATION, AND WEIGHTS. 

In each case the axis is supposed to traverse the centre of gravity of the body. The axis is 
oae of symmetry. The mass of a unit of volume is w. 



Body. 



Sphere of radius r 

Spheroid of revolution, po- 
lar axis 20, equatorial di- 
ameter zr 

Ellipsoid, axes 20, 2^, 2c 

Spherical shell, external ra- 
dios r, internal r* 

Ditto, insensibly thin, ra- 
dios r, thickness dr 

Circular cylinder, length 2a, 
radius r 

Elliptic cylinder, length 20, 
transverse axes 2^, 2c 

Hollow circular cylinder, 
length 20, external ra- 
dius r, internal t* 

Ditto, insensibly thin, thick- 
ness ^r 

Circular cylinder, length 20, 
radius r 

Elliptic cylinder, length 2a, 
transverse axes 20, 2b 

Hollow circular cylinder, 
length 2tf, external ra- 
dius r, internal r* 

Ditto, insensibly thin, thick- 
ness 1^ 

Rectangular prism, dimen- 
sions 2a^20^2£ 

Rhombic prism, length 20, 
diagonals 2A, zc 

Ditto 



Axis. 



Diameter 

Polar axis 

Axis 2a 
Diameter 

Diameter 

Longitudinal 
axis 2a 

Lon^tudinal 
axis 2a 

Lon^tudinal 
axis 2a 

Longitudinal 
axis 2a 

Transverse 
diameter 

Transverse 
axis 2b 

Transverse 
diameter 

Transverse 
diameter 

Axis 2a 
Axis 2a 
Diagonal zb 



Weight. 



3 
4irayay* 

3 

^tnoabc 

3 
4wey(r*— r^ 

3 
4«wfVf' 

2Mwar^ 

iwwabc 

2wwa{f^—r^ 

j^Twardr 
2Twar^ 
zwwabe 

2wwa(r^ — r^) 

4Twardr 
dwabc 
4Ufabc 
4wabc 



Moment of Inertia I*. 



on Off " 

«s 

IS 

4wwabc{i^i^) 

*S 

IS 

3 

■war* 

2 
mair^-^*) 

4'wwaf*dr 

w7oarHy*+4d') 
-% 

6 



mtfa 




+♦»*( 



! 



wtoa{2r^+^^r)dr 
3 

2«w3f(^M-^ 

3 
2zoabc{t^-\-2a^) 



Sqaare of Ra- 
dius of Gyra- 
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CTiahen from Rankine.) 



For further mathematical data see Smithsonian Mathematical Tables, Becker and Van Orstrand 
(Hyperbolic, Circular and Exponential Functions); Functionentafeln, Jahnke und Emde (xtgx, 

r^tgx, Roots of Transcendental Equations, a -|- bi and re^'. Exponentials, Hyperbolic Functions, 
I ?L? du, I ^^ dUf I ^ du, Fresnel Integral, Gamma Function, Gauss Integral 

r^ I e-^dx^ Pearson Function e^^ \ sin'' ^^xdx^ Elliptic Integrals and Functions, Spherical 

ttd Cylindrical Functions, etc.). For further references see under Tables, Mathematical, in tlie 
nth ed. Encyclopaedia Britannica. See also Carres Synopsis of Pure Mathematics and Mellor's 
Higher Mathematics for Students of Chemistry and Physics. 
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8TRENQTH OF MATERIALS. 



68 



The streogth of most miterials varia w that the following figures eerve only as a roqgh indicstlon of the eba^ of a 

particular lamplc. 



TABLE S6(«).— 



VABLBS5<a).-KMlll. 


Name of Metal. 


Tensile sttvngth in 
pounds per sq. in. 


Aluminum wire 


30000-40000 


Brass wire 


50000-150000 


Bronze wire, phosphor, hard- 




drawn 


IIOOOO-140000 


Bronze wire, silicon, hard- 




drawn 


95000-1 1 5000 


Bronze : Cu, 58.54 parts ; Zn, 




38.70; Al, 0.21 ; with 2.55 




parts of the alloy, Sn, 29.03, 




wrought iron, 58.06, fcrro- 




manganese, 12.91 


60000-75000 


Copper wire, hard-drawn 
Gola wire 


60000-70000 


20000 


Iron, cast 


13000-33000 


*' wire, hard-drawn 


80000-120000 


" ** annealed 


50000-60000 


Lead, cast or drawn 


2600-3300 


Palladium • 


39000 


Platinum * wire 


50000 


Silver * wire 


42000 


Steel 


80000-330000 


** wire, maximum 


460000 


" Specially treated nickel- 




steel, approx. com p. 0.40 




C ; 3.25 Ni ; treatment 




secret 


250000 


" piano wire, 0.033 ^"• 




diam. 


357000-390000 


" piano wire, 0.051 in. diam. 


325000-337000 


Tin, cast or drawn 


4000-5000 


Zinc, cast 


7000-13000 


** drawn 


22000-30000 


According to Boys, quartz fibres have a 


tensile strength of between 1 16000 and 167000 


pounds per square inch. 



Material. 


Stseof test 
piece. 


Resistuioeto 

cruahii^tn 

pds. per aq. ia. 


Marble 

Tufa 

Brownstone 

Sandstone 

Granite 

Limestone 


4 in. cubes 

2 M « 

4 in. cubes 

4 •« ** 

M u u 


7600-20700 
7700-11600 
7300-23600 
2400-29300 
9700-34000 
6000-25000 



* Dau fumiahed by the U. & Geological Svrfty. 



TABL8»(«).-BriA.* 



Kind of Brick. 




per sq. in. 


Tested 

flatwise. 


Tested 
ODedgp. 


Soft burned 
Medium burned 
Hard burned 
Vitrified 
Sand-lime 


1800-4000 

4000-6000 

6000-8500 

81^00-25000 

1800-4000 


1600-3000 
3000-4500 
^500-6500 
0500-20000 


Brick piers laid up in i part Portland 
cement, 3 of sand, have from 20 to 40 per 
cent the crushing strength of the brick. 



* Authority of Wertheim. 



* Dau furnished by the U. S. Geological Snrvcj. 



Bulletin 100, Bureau of Mines, U.S. Dept. of Interior, " Manu&ctnre and Uses of Alloy Steds,** eontalna data and 

bibliographies relative to steels. 



TABLB S6(d).-aQaontit.» 



Coarse 
Aggregate* 


Proportions by volume. 
Cement: sand: aggregate. 


Site of test irfeoe. 


Resistance to 

crushing in pds. 

per sq. in. 


Sandstone 

Cinders 

Limestone 

Conglomerate 

Trap 




: 5 : 14 to 1:1:5 
13:6 •* 1:1:3 
14:8 "1:2:4 
;6 : 12 '* 1:2:4 
2:9 •* 1:2:4 


12 in. cube 
12 » ** 
12 " «« 
12 " «• 
12 " " 


1550-3860 

790-2050 

1200-2840 

1080-3830 

820-2960 



* Data famished by the U. S. Geological Survey. 
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Tablk 36. 

8TRENQTH OF MATERIALS. 

ATingt BMBlts of Timbtr TmIb. 

The test pieces were small and selected. Endwise compression tests of 
some of the first lot, made when green and containing over 40 per cent moisture, 
showed a diminishing in strength of 50 to 75 per cent. 

See also Table 57. A particular sample may vary greatly from these data, 
which can indicate only in a general way the relative values of a kind of timber. 
Note that the data below are from selected samples and therefore probably high. 

The upper lot are from the U. S. Forestry circular No. 15 ; the lower from the 
tests made.for the loth U. S. Census. 
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NAME OF SPECIES. 



Long-leaf pine 

Cuban pine 

Short-leaf pine 

Loblolly pme 

White pine 

Red pine 

Spruce pine 

Bald cypress 

White cedar 

Douglass spruce 

White oak 

Overcup oak 

Poet oak 

Cow oak 

Red oak 

Texan oak 

Yellow oak 

Water oak 
WUlow oak 
Spanish oak 
Shagbark hickory 
Modcemut hickory 
Water hickory 
Bittemut hickory 
Nutmeg hickory 
Pecan hickory 
Pignut hickory 
White ehn 
Cedar elm 
White ash 
Green ash 
Sweet gum 



( 



Poplar 

Basswood 

Ironwood 

Sugar maple 

White maple 

Boxdder 

Black walnut 

^vcamore 

Hemlock 

I^fir 

Tamarack 

^ed cedar 

Cottonwood 

^^ch 



TRANSVERSE 
TESTS. 



Modulus 
of rupture. 
lb./sq. in. 



12,600 
13.600 
10,100 
11,300 

7»9«> 
9,100 

10,000 

7»900 
6,300 

7.900 
13,100 

11,300 

I2f300 

11,500 
11,400 
13,100 
10,800 

I2»400 

10,400 
12,000 
16,000 

15,200 
12,500 
15,000 

12,500 

15.300 
18,700 
10,300 

13.500 

10,000 

11,600 

9»Soo 



0,400 

8,340 

7»540 
16,500 

14,640 

7.580 

11,900 

7.000 

9,480 

13,270 

13.150 
11,800 

10,440 
16^200 



Modulus of 

elasticity. 

Ibs./sq. in. 



2,070,000 

2,370^000 

1,680,000 

2,050.000 

1,390,000 

1,620,000 

1,640,000 

1,290,000 

910,000 

1,680,000 

2,090,000 

1,620,000 

2,030,000 

1,610,000 

1,970,000 

1,860,000 

1,740,000 

2,000,000 

1,750,000 

1,930,000 

2,390.000 

2.320,000 

2,080,000 

2,280,000 

1,940,000 

2,530,000 

2,730,000 

1,540,000 

1,700,000 

1,640,000 

2,050,000 

1,700,000 



COMPRESSION. 



1,330,000 
1,172,000 
1,158,000 
2,250,000 
1,800,000 

873,000 
1,560,000 

790,000 
1,138,000 
1,870,000 
1,917.000 

938,000 
1,450,000 
1,730,000 



II to grain. 
Ib8./sq. in. 


1 to grain. 


Ibs./sq. in. 


8,000 


1260 


8,700 


1200 


6,500 


1050 


7.400 


1150 


5,400 
6,700 


700 


1000 


7.300 


1200 


6,000 


800 


5,200 


700 


5,700 
8,500 


800 


2200 


7.300 


1900 


7,100 


3000 


7.400 


1900 


7,200 
8,100 


2300 


2000 


7,300 

7,^00 


1800 
2000 


7,200 


1600 


7.700 


1800 



9.500 

10,100 
8,400 
0,600 

8,800 

9.100 

10,900 

6,500 

8,000 
7,200 
8,000 
7,100 



5,000 
5.190 

5'?75 
8,800 

6,850 

4,580 

8,000 

6,400 

5.400 

7,780 

7.400 

6,300 

5,000 

6,770 



1120 
880 
2000 
3600 
2580 
1580 
2680 
2700 
1100 

1750 
1480 
2000 

IIOO 

2840 



SHEAR- 
ING. 



Alon^ the 

grain. 
Ibs./sq. in. 



835 
770 

770 

800 

400 

sOO 



500 

400 

500 

1000 

1000 

IIOO 

900 

1100 

900 

IIOO 
IIOO 

900 
900 

IIOO 
IIOO 

1000 
1000 

IIOO 
1200 

1200 

800 

1300 

IIOO 
1000 

800 



•Plrli»llT«ir-drT. 

1 L= length in IndwL D = liutild« IB LnehMi 
Smith •OMiitn T*awa. 



Tables 38-39. 
ELASTIC MODULI. 
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TABLB at. -Blgldity KodvlU. 

o the four consecative iaoes of a cube a tangential stress is applied, opposite in direction on 
djacent sides, the modulus of rigidity is obtained by dividing the numerical value of the tangential 
tress per unit area (kg. per sq. mm.) by the number representing the change of angles on the 
kon-scressed faces, measured in radians. 



Almninimi 

** cast, 6oCa+ i2Sn . 
Bisinath* slowly cooled . . 
Bronze, cast, 88 Cu + 12 Sn . 
Cadmium, cast 

Copper, cast 

«« 

x^OlO ■ • ••••••• 

Iron, cast 

Masnesiam, cast .... 

Nickel 

Phosphor bronze .... 



Rigidity 
Modulus. 



3350 
2580 

3550 

3715 
3700 

1240 

4060 

2450 

4780 

4213 

4450 
4664 

2850 

3950 
J2IO 

0706 

7975 
6940 

8108 

7505 
1710 

7820 
4359 



Refer, 
ence. 



14 

5 
ID 

II 

5 
5 
5 
5 

10 

19 
5 

14 

5 

15 
10 

7 
16 

14 

5 

5 
II 



Substance. 



Quartz fibre . . . 
Silver . . ! ! ! 

*4 
<l 

" hard-drawn . 
Steel 

" cast . . . . 

" cast, coarse gr. 

** silver- . . . 
Tin, cast .... 

Zinc 

4i 

Platinum . . . . 
*« 

Glass 

Clay rock .... 

Granite 

Marble 

Slate 



Rigidity 
Modulus. 



2888 
2380 
2960 
20Q0 
2506 
2816 
8290 




7872 
1730 

3880 
3820 
6630 
6220 

2350 
2730 

1770 

1280 

1190 

2290 



References 1-16, see Table 48. 
17 Gratz, Wied. Ann. 28, 1886. 
iS Savart, Po^g. Ann. 16, 1829. 

19 Kiewiet, Diss. Gottingen, 1886. 

20 Threlfall, Philos. Mag. (5) 30, 189a 



Refer- 
ence. 



20 
21 

5 
10 

16 

II 

16 

J5 

5 

II 

5 

19 

5 

19 
16 

22 



23 
23 
23 
23 



21 Boys, Philos. Mag. (5) 30, 1890. 

22 Thomson, Lord Kelvin. 

23 Gray and Milne. 

24 Adams-Coker, Carnegie Publ. No. 46, 

1906. 



TABLB 80.— TixtatiaB fli tlM Blgldtty Xodiilnt with if Temperatiirs. 
«t = w, ( I — ut — fif^ — 7/*), where / = temperature Centigrade. 



r 



SubaUDOe. 



Iron • . 

Platinmn 
Sflver . 



n0 


aid* 


^I0> 


710*0 


2652 


2158 


48 


32 


3200 


2716 


36 


- 


3972 


-s 


47 


}^ 


572 


— 


206 


19 


— II 


6940 


483 


12 


- 


6632 
2s66 


III 

387 


52 

38 


—8 
II 


8290 


187 


59 


—9 



Authority. 



Pisati, Nuovo Cimento, 5, 34, 1879. 

Kohlrausch-Loomis, Pogg. Ann. 141. 

Pisati, loc. cit. 

K and L, loc. cit. 

Pisati, loc. cit. 

K and L, loc. dt. 

Pisati, loc. cit. 
« 



u 
«« 



•i 



M^ssini [i — a (/— 15)] ; Horton, Philos. Trans. 204 A, 1905. 



Copper 


4.37« 


Copper (com- 




mercial) 


3.80 
8.26 


Iron 


Steel 


8.45 



ass.00039 

.00038 

X)0O29 
XX)026 



Platinam 


6.46* 


Gold 


2.45 


Silver 


2.67 


Aluminum 


2.55 



1.00012 
.00031 
.00048 
.00148 



Tin 


1.50* 
0.80 


Lead 


Cadmium 


2.31 


Quartz 


3.00 



a = 



.00416 
.00164 
.0058 
.00012 



kmmmomtMm Tables. 



* Modulus d rigidity in so^ dynes per sq. cm. 



Table 40. 
ELASTIC MODULI. 



Compiled putly Iron Lundalt-fiOrgilciD'i Phr^luliKb-ChemlKh* TibaDv. 



Tables 41-44. 73 

OOMPRE88IBILITY1 HARDNESS, CONTRACTION OF ELEMENTS. 

TJkBLB 41.~0em9rtMiMllt7 of tlM Kort Important Solid Blomo&ts. 

Arranged in order of the increasing atomic weights. The numbers give the mean elastic change 
of volume for one megabar (0.987 atm.) between 100 and 500 megabars, multiplied by xo^. 



lithium 


8.8 


Potassium 


315 


Selenium 


11.8 


Iodine 


13- 


Carbon 


0.5 


Calcium 


5-5 


Bromine 


51.8 


Caesium 


61. 


Sodium 


15.4 


Chromium 


0.7 


Rubidium 


40. 


Platinum 


0.21 


Magnesium 


27 


Manganese 


0.7 


Molybdium 


0.26 


Gold 


047 


Aluminum 


»-3 


Iron 


040 


Palladium 


o.;}8 
0.84 


Mercury 


3-7' 


Silicon 


0.16 


Nickel 


C.27 


Silver 


Thallium 


2.6 


Red phosphorus 


9-0 


Copper 


0.54 


Cadmium 


19 


Lead 


2.2 


Sulphur 


1 2.5 


Zinc 


i-S 


Tin 


1.6 


Bismuth 


2.8 


Chlorine 


95- 


Arsenic 


4.3 


Antimony 


2.2 







Stoll, Zeiuchr. Phys. Chem. 6x, 1907. 



TABUS 4a.— Haitfaon. 



Agate 
Alabaster 


7- 


Brass 


3-4- 


Iridosmium 


7- 


Sulphur 


1.5-2.5 


«-7 


Calimine 


5- 


Iron 


4-5- 


Stibnite 


2. 


Alum 


2-2.5 


Calcite 


3- 


Kaolin 


I. 


Serpentine 


3-4. 


Aluminum 


2. 


Copper 


2-5-3- 


Loess (0®) 


0.3 


Silver 


2.5-3. 
5-8.5 


Amber 


2-2.5 


Corundum 


9- 


Magnetite 


6. 


Steel 


Andalusite 


7.5 


Diamond 


10. 


Marble 


3-4- 


Talc 


I. 


Anthracite 


2.2 


Dolomite 


3-5-4- 


Meerschaum 


2-3. 


Tin 


1-5 


Antimony 


3-3 


Feldspar 


6. 


Mica 


2.8 


Topaz 


8. 


Apatite 


5- 


Flint 


7. 


Opal 


4-6. 


Tourmaline 


7.3 


Aragonite 


3-5 


Fluorite 


4- 


Orthoclase 


6. 


Wax (o») 


0.2 


Arsenic 


3-5 


Galena 


2-5 


Palladium 


4.8 


Wood's metal 


3. 


Asbestos 


5- 


Garnet 


7- 


Phosphorbronze 


4. 






Asphalt 


1-2. 


Glass 


4.5-65 


Platinum 


4.3 






Augite 


6. 


Gold 


2.5-3- 


Plat-iridium 


6.5 






Barite 


U 


Graphite 


0.5-1. 


Pyrite 


6.3 






Beryl 


Gypsum 
Hematite 


1.6-2. 


Quartz 


7- 






Bell-metal 


4- 


6. 


Rock-salt 


2. 






Bismuth 


2-5 


Hornblende ^. s 


Ross* metal 


2.5-3.0 






Boric acid 


3- 


Iridium 


5. 


Silver chloride 


1-3 







From Landolt-Bonuteiii-Meyerhoffer Tables : Auerbachs, Winklemann, Handb. der Phyt. 1891. 









TABLB 4S. — RolatiTo HaidnoBi of tho ElemontB. 








c 


10.0 


Ru 


6.5 


Cu 


30 


Au 


2-S 


Sn. 


1.8 


Li 


0.6 


B 


9 5 


Mn 


50 


Sb 


30 


Te 


2.3 


Sr 


1.8 


P 


0.5 


Cr 


9.0 


Pd 


4.8 


Al 


2.9 


Cd 


2.0 


Ca 


'•5 


K 


05 


Os 


7-0 


Fe 


4-5 


Ag 


2.7 


S 


2.0 


Ga 


'•5 


Na 


0.4 


Si 


7.0 


Pt 


43 


Bi 


2-5 


Se 


2.0 


Pb 


'•5 


Rb 


0.3 


Ir 


6.5 


As 


3-5 


Zn 


2.5 


Mg 


2.0 


In 


1.2 


Cs 


0,2 



Rydberg, Zeitschr. Phys Chem 33, 1900 



TABLE 4ft.- 


' Ratio, p, ol Tnuunrono Oontraotlon to Longltiidlaal Bztomlon imdor TonaUo Stzita. 

(Poisson's Ratio.) 


Metal 


Pb 


Au 


Pd 


Pt 


Ag 


Cu 


Al 


Bi 


Sn 


Ni 


Cd 


Fe 


^ 


0.45 


0.43 


0.39 


0.39 


0.38 


0.35 


0.34 


0.33 


0.33 


0.31 


a3o 


0.28 



From data from Physikalisch-Technttchan Reichtanttalt, 1907. 
p for : marUet, 0.37 ; granitea, 0.34 ; basic-intmaivea, o.s6 ; glass, 0.33. Adams-Coker, 1906. 
Smtmoonian Tailks. 
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Table 40. 
ELASTICITY OF CRYSTALS.* 



The formulae were deduced from experiments made on rectangular prismatic bars cut from the crystal, 
were subjected to cross bending and twistinj; and the corresponding Elastic Moduli deduced. 7% 
a P y, oi ^1 V, and 04 ^| y, represent tlie direction cosines of the length, the greater and the 1« 
dimensions 01 the prism with reference to the principal axis of the cryslaL £ is the modulus fox- 
compression, and 1 is the modulus for torsional rigidity. The moduli are in grams per square cent' 



Barite. 
E 
T 



Id I3«* 4- i8.sii9» + i042y + 2(38.79^ V 4 1 5.2173a' + 8.88a*iB«) 
69.52a* + I i7.66^»+;i 16.467* + 2(20.i6i8V + 85-297'«*+ i27-35«W 



Beryl (Emerald). 

_- = 4.325 sin*^ + 4.619 co«*f + '3-328 sin^ cos*^ 

IqIO 

-;jr- = 15.00—3.675 COS*^— 17.536 COS^ COS^^l 

Fluorspar. 

Ig? = 13.05- 6.26 («* + ^» + 7*) 



\9J 



' where ^ ^1 ^ are the angles ^ 
the length, breadth, ana thickiK 
of the specimen make with 
principal axis of the crystal. 



loW 



= 58.04 — 50.08 (/5 V + 7a«a + a^fi^ 



Pyrite. 

lg'=5.o8-2.24(a* + i9» + 7*) 



10 



10 



18.60- 17.95 (/5V + 7V + aW 



Rock salt. 

'"^'^ 33-48 - 9.66 (d* + /9* + 7*) 



E 
loio 



= 1 54.58 — 77.28 (/iV + r^a* +«W 



Sylvine. 
loio 



£ 

loio 



= 75.i-48.2(«* + i8* + 7*) 



^ = 306.0 — 192.8 (/iV + 7^^ + a2ff) 



Topaz. 
io"> 

E 

loio 



= 4.341a* + 3.460/3* + 3.7717* + 2 (3.879/9V + t^s^a* + 2.39«^/8») 



~ = 14.88a* + 16.54/3* + 16.457* + 30.89^V + 40.8972a« + 43Si«*i8' 



Quartz. 

loiQ 

E 

loio 



« 12.734 (I — 7^)«+ 16.693 — VOt^ + 9.7057*— 8-460/37 (3a«—/5«) 



Tjr- = 19665 4- 9-o6o7a« + 22.9847*yi" — 16.920 [(7/J1+ /871) (3aai — fi$i) — $^] 



^ These formula are taken from Voigt^s papers (Wied. Ann. vols. 31, 34, and 35). 

SmTHOONIAN TaILCS. 



Table 46. 
ELASTICITY OF CRYSTALS. 



75 



iy ^pj jiiH iiiiir Talnet of the Elastic Moduli are here fiven. Under £ are given modoli for extension or compresaioD 
^ jlm directioDS indicated bjr the subacripts and explained in the notea, and under T the moduli for torsional 
the kmr^ round the axes similarly indicated. Moduli in grams per sq. cm. 

a for a 



Dcat 



{a) Isometric System.* 



Substance. 



iglesi 

m 

ysoii 



lorspar 
rite . 
salt 

rlTiae . 



liam chlorate 
dum alum . 
romiam alum 
alum . . . 



E. 



1473 X io» 
3530 X 10^ 
419X10^ 
403 X 10^ 
401 X lo* 
372 X 10^ 
405 X loP 
181 X io» 
161 Xicfi 
186X10^ 



lOoSXioB 

2530 X 10^ 

349X10^ 

339X10; 

209 X 10" 

196X10^ 
319X10^ 
199X10^ 

177 X 10^ 



E. 



910 X lo* 

2310 XioP 

303X10^ 



345X10^ 

1075 X '0^ 

129X10^ 



65s X I09 



Authority. 



Voigt.t 



M 
« 



Koch.| 



II 



Voigt. 
Koch. 
Beckenkamp, 



II 



II 



(d) Orthorhombic System. II 



ite 
iopsa 



620X10^ 
2304 X 10^ 



540X10^ 
2890X10^ 



E. 



959 X 10^ 
2652 X 10^ 



E4 



576 X loP 
2070 X 10^ 



702 X 10* 

2893 Xio» 



• Ee 



740 X io« 
3180 X io« 



Authority. 



Voigt 



Substance. 



Barite 
Topaz 



Ti,-T,j 



283XI0P 
1336 XlO» 



la"* ^»i 



293 X 10* 
^353 X 10* 



'«»"= *»« 



121 X 10* 
1 104 X 10* 



Authority. 



Voigt 

II 



In the MoNOCLiNic System, Coromilas (Zeit fiir Kryst vol i) gives 

principal axis. 



GvDsum J E— = 887 X 10* at 21. 9^ to the princij 
'^ iE«to = 313X10* at 75.4° " 

( £au = 2213 X 10* in the principal axis. 

1e^ = i 



M 



Mica 



554 X 10* at 45^* to the principal axis. 



In the Hexagonal System, Voigt gives measurements on a beryl crystal (emerald). 

The subscripts indicate inclination in degrees of the axis of stress to the principal axis of 

the oryatal. 

£0=2165X10*, E4«=i796XiO', E«o=23i2Xio«, 

To = 667 X 10*, Tw =« 883 X 10*. The smallest cross dimension of the 

prism experimented on (see Table 82), was in the principal axis for this last case. 



In the 



Rhombohedral System, Voigt has measured quartz. The subscripts have the 
aning as in the hexagonal system. 



same meaning as in the hexagonal system. 

£0=1030X10*, E«4i = 1305X10*, E+« — 850X10*, £90=785X10*, 
To=5o8Xic*, Tw = 348X10*. 

Baomgarten IT gives for calche 

Eo=5oiXic*, E.«—i44iXio*, E+« = 772Xio*, E90 «= 79^ X 10*. 



* In thb system the subscript a indicates that compression or extension takes place along the crystalline axis, and 
fiAonion round the axis. The subscripts ^ and c correapond to directiona equally inclined to two and nonnal to the 
Aird iDd •quatty inclined to all tlvte axas reapectiTely. 

t Voigt. •• Wied. Ann." 31. p. 474, P- 701, 1887; 34. P- 98ii «888 J 3^ P- 64a, «8«8. 

I Koch, "* Wied. Ann." 18, p. 335, i88a. 

I Beckenkamp, "Zeit. fur Kryst." vol. la , ^ ^ . ..u « 

I The subscripts i, 2, 3 indicate thst the three principal axes are the axea of stress; 4i St 6 that the axes ot 
uc in the three priiicipalplanes at angles of 45^ to tlie corresponding axes. 

5 Banmgarten, " Pogg. Ann." 153, p. 369, 1879. 
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VABLB 47.— RtltttTt Vol: 



Tables 47-49. 

COMPRESSIBILITY OF CASES. 

At Vazlou PrMiwwaad Trnpoatim, tk« Tdiat it IFOaaditl 
iplwn Mag tikn •• 1 000 000. 



Atm. 


Oxygen. 


Air. 


Nitrogen. 


fiydrogen* 
















, 












<P 


99^-5 


«99*».S 


xfi 


9^.4 


aooP.4 


6° 


99**.5 


1990.6 


oP 


99*».3 


aocP.s 


100 


9265 


.. 


«, 


9730 


. 


^ 


9910 




^ 


^ 




. 


200 


4570 


7000 


ui 


5?50 


7360 


9430 


3786 


7445 


9532 


5690 


75^ 


9420 


300 


3208 


4843 


3658 


5170 


6622 


5301 


6715 


4030 


5286 


6520 


400 


2629 


3«30 


4900 


'^ 


4170 


5240 


3142 


4265 


5331 


3207 


4147 


5075 


n 


2312 


3?t* 


4100 


3565 


^l^' 


2780 


^55 
3258 

2980 


4515 


2713 


3462 


4210 


2115 


2867 


3570 


^52' 


3180 


38«3 


2543 


3973 


2387 


^ 


3627 


700 


1979 


2610 


3202 


22^8 


2904 


3502 


2374 


3589 


2149 


2680 


3212 


800 


1879 


2417 


2920 


2168 


2699 


3219 


2240 


2775 


3300 


1072 
1832 


2444 


2900 


900 


1800 


2268 


2718 


2070 


2544 


3S^ 


?;^ 


2616 


.108s 


2244 


2657 


1000 


1735 


2151 




1992 


2415 


2828 






1720 


2093 





Anugat: C. R. in, p. 871, 1890; Ann. chim. phjs. (6) 39, pp. 68 and 505, 189^ 

TABLB M. - BtkyltBA. 

/v at o^' C and i atm. =3 1. 



Atm. 


oo 


ufi 


mP 


yfi 


400 


60P 


8d» 


lOO® 


i37°.5 


I98».S 


46 


^ 


0.562 


0.684 


^ 


^ 


^ 




^ 


^^ 


,^ 


48 


— 


0.508 


- 


- 


- 


- 


- 


- 


— 


— 


50 


0.176 


0.420 


0.629 
0.598 


0.731 


0.814 


0.954 


1.077 


1. 192 


1.374 


1.652 


52 


— 


0.240 


— 


— 


— 


— 


— 


— 


— 


54 


— 


0.229 


0.561 


M 


— 


— 


— 


— 


— 


— 


56 


- 


0.227 


0.524 


_^ M 


— 


— 


- 


— 


- 


- 


100 


0.310 


0-33' 


0.360 


a403 


0.471 


0.668 


0.847 


1.005 


1.247 


1.580 


150 


0441 


0.459 
0.58s 

0.827 


0.485 


°-5'5 


o-SS' 


0.649 


0.776 


0.924 


1.178 


1.540 


200 


l^ 


0.610 


^•232 


0.744 


0.838 


0.946 


1.174 


'•53Z 


300 


0.852 


0.878 


a9o8 


a972 


1.048 


1. 133 
1.578 

2.643 


I.3IO 


1.628 


500 
1000 


1. 2 156 
2.289 


1.280 
2.321 


1.308 
2.354 


J -337 
2.387 


1.367 
2422 


I-43I 
2-493 


1.500 
2.566 


1.721 
2.798 


1.^5 



Amagat, C. R. in, p. 871, 1890', 116, p. 946, 1893. 









TABLB 48. - BtHylMM. 










Freasurein 
meters of 








Relative values of /v at 


— 




























mercury. 


160.3 


aoo.j 


30°. 1 


4(/>.o 


So^.o 


60O.0 


70P.0 


79**.9 


89°.9 


looPjo 


1° 


1050 


2055 


2220 


2410 


2580 


2715 


2865 


2970 


3090 


3"5 


60 


810 


900 


1190 


1535 


1875 


2T00 


2310 


2500 


2680 


2860 


90 


1065 


II15 


"95 


1325 


1510 
1660 


1710 


1930 


2160 


2375 


2565 


120 


1325 


1370 
1625 


1440 


1540 


1780 


1950 


2II5 


2305 


2470 


'5° 


1590 
1855 


1690 


1785 


1880 


1990 


2125 


2250 


2390 


2540 


180 


1890 


1945 


2015 

2285 


2130 


2225 


2340 


2450 
2680 


2565 


2700 


210 


2110 


2145 


2200 


2375 


2470 


2565 
28T0 


2790 


2910 


240 


2360 


2395 


2450 


2540 


2625 


2720 


2910 


3015 


3125 


270 


2010 


2640 


2710 


2790 


2875 


2965 


3060 


3150 


3240 


3345 


300 


2860 


2890 


2960 


3040 


3';5 


3215 


3300 


3380 


3470 


3560 


320 


3035 


3065 


3125 


3200 


328s 


3375 


3470 


3545 


3625 


3710 



Araagat, Ann. chim. phys. (5) n, p. 353, 1881. 
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Table* 60-62, 
COMPRESSIBILITY OF OASES. 



*— T'l C. R. (iitP- S71, 1190 j Abb. dnu. ph^ (j) u, p. jjj, tSSii [6] 19, pp. Uu 
TABU U.~ 



G-. 


^.,. (1 .tm.) 


^.j^' 


' 


i4o 


DtBHly. 


v?£5> 




0, 
Hi 
N» 
CO 

If 

NH, 


0-9W74 
1 .00016 
1.00179 

(-00317 

I/XM36 


— .00030 

— «»si 
-.oossS 

— .00654 

— .00046 


ii.i' 
10.7 

ISO 


— .00094 

— .00668 

— .00747 


28.005 
28.000 
44-26S 
44.28s 


3*' 
2.0173 
zS.oi6 
18.003 
44014 
43996 



Rijidgb, Zciucbr. Fhyt. Chen. ]i, p. jns- 

UBU 61. -OmnHMUir d AIi aad Oirpa tMwMD 



ito ud u° a. 











P™n™tam«™ 


ofiDircu 


rf.jto.™ 


"•"'■ 








Ak 


/ 
/» 


^ 


^ 


1^1 


«S 


267'58 


26792 


84.22 
26840 


101.47 
27041 


: =9585 


30404 

3-4SS 


Oh 




^ 


^ 


- 


^S 


2fc^ 


/s«;^ 


84.19 

^5745 


101.06 

15639 


"is'i 


?*12 



Tablh B3-M. 



SBliim Dtald*. 

>ritie lop ef Ihe diSEiCDt coIuhub. 



£ 




KforEj.. 




Pnwin 


>.,-■.>■,■. 1 




penmn 




nlure — 






SB».= 


99='-6 


.»)=.. 




S*°* 


•»°-6 


.«,".. 


lO 


8560 




_ 














7800 














4040 


S3'o 

440s 


: 


9000 
Sooo 


9.60 
1040 


•0-35 
...8s 


_ 






4030 




7000 


ii-SS 


I3«S 




^ 


: 


ii& 




6000 


12.30 


14.70 


- 








J640 










16 




1935 


Z160 


4000 




ao.iS 




40 


- 


USO 


J040 

1640 

'37S 


3500 


14.40 


»3«» 


- 


_ 


_ 


3000 


- 


2640 


39. to 


70 


- 


- 


1130 


1500 


- 


3M5 


33.*5 










2000 




3S.K> 


40^5 




_ 


_ 


X 


1500 


- 


3»6o 


St» 


:20 


- 


- 


54S 


1000 


- 


- 


76.00 


160 


- 


- 


430 
325 


500 


- 


- 


.i7.ao 



: md the [ aB ^ lCl l n l^ ^ (i tbc mmliuma ■ 



•■ITNaOH)*N TSBL 



■ From Ihc upcrimeuli of Roth, " Witd. Aao." mL 11 
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If Ki is the Tolame under pressure /i atmospheres at /^C, and Vt is yolume at pressure /i and the 
same temperature, then the compressibility coefficient may be defined at that temperature as ' 

In absolute onits (referred to mMndrnes) die coeflSdent ta Ar> 



Substance* 


/. 


Piefsnzes. 


82 


Refer- 1 
ence. | 


Sabetance. 


/. 


rVcsBorcB. 


^.to^ 


Refer- 1 
ence. 1 


Acetone 


o 

0.00 


1-500 


I 


Methyl alcohol 




loa 


8.68-37.3 


221 


3 


44 


aoo 


500-1000 


59 


•< 


41 «« 


18.10 


8 


120 


a 


M 


0.00 


lOOO-ISOO 
8.94-36.5 


47 


M 


Nitric acid 


20.3 


1-32 


338 


II 


M 


99-5 


276 


3 


Oils: Almond 


17. 




55 


8 


Benzole 


5-95 


8 


83 


2 


Olive 


2a5 
14.8 


— 


■ • 
^ 


M 


17.9 


8 


% 


II 


Paraffin 


- 


63 


6 


•< 


m ^ 

15.4 


1-4 


4 


Petroleum 


16.5 


- 


70 


12 


M 


78.8 


1-4 


126 


t( 


Rock 


'94 


- 


25 


8 


Carbon bisulphide 


0.00 


1-500 


66 


I 


Rape-seed 


20.3 


- 


60 


44 


M II 


0.00 


500-1000 


53 


M 


Turpentin 


19.7 


— 


79 


.. 


M a 


0.00 


1000-1500 


43 


M 


Toluene 


10. 


— 


79 


n 


•i M 


49.2 


1000-1500 


5> 


« 


II 


loa 


— 


150 


M 


Chloroform 


a 


- 


lOI 


5 


Xylene 


10. 


— 


74 


»5 


u 


20. 


. 


128 


M 


11 


100. 


- 


132 


41 


M 


4a 


— 


162 


41 


Paraffins: CeHu 


23. 


O-I 


159 


14 


M 


60. 


— 


204 


M 


C7H16 


•4 


M 


»34 


44 


U 


100. 


8-9 


211 


3 


CfiHiB 


14 


<4 


121 


44 


M 


100. 


19-34 


206 


(4 


CgHto 


M 


C4 


"3 


14 

^4 


Collodium 


14.8 




1^ 


6 


C10H23 


II 


44 


105 


44 


Ethyl alcohol 


28. 


150-200 


7 


CiaHae 


W 


M 


% 


44 


M «l 


28. 


150-400 


81 


14 


CmHso 


M 


l4 


■• 


M M 


65. 


150-200 


no 


41 


CieHsi 


il 


41 


75 


4( 


M M 


65. 


150-400 


100 


41 


Water 


0. 


1-25 


52.5 


I 


U M 


100. 


150-200 


168 


44 


a 


la 


44 


50.0 


IS 

At, 


a M 


100. 


150-400 


132 


•« 


i< 


2a 


14 


49.1 




« M 


185. 


150-200 


320 


II 


M 


0. 


25-50 


51.6 


w 

mm 


u u 


185. 


150-400 


245 


44 


M 


10. 


44 


49.2 


mm 


U U 


310. 


150-200 


4200 


41 


a 


20. 


14 


47.6 


H 
Mm 


M M 


3»o- 


150-400 


1530 


44 


M 


0. 


I-IOO 


5]" 




u a 


0. 


1-50 


96 


I 


II 


la 


41 


td 


if 


H H 


20. 


1-50 


112 


41 


<i 


20. 


M 


u 


II « M 


40. 


1-50 


125 


II 


M 


50. 


II 


44.9 




Ml M «4 


0. 


100-200 


85 


M 


a 


100. 


41 


47.8 


ii 


II M M 


0. 


300-400 


P 


41 


i« 


a 


100-200 


49.2 




II M M 


20. 


300-400 


41 


M 


10. 


14 


46.1 


fa 


11 M U 


40. 


300-400 


§7 


II 


M 


2a 


44 


44.2 


Cf 


11 M 


0. 


500-600 


64 


41 


14 


50- 


M 


% 


U 


H M 


0. 


700-800 


t 


II 


« 


10a 


44 


M 


H tt 


20. 


700-800 


" 


U 


0. 


1-500 


475 


U 


■ U 


40. 


700-800 


65 


tt 


M 


^•i 


M 


43-4 


H 


■ M 


0. 


900-1000 


52 


f< 


M 


48.85 


41 


41.6 


H 


■Ethyl chloride 


II. 


8.5-34.2 


138 


2 


M 


0. 


500-1000 


41.6 


•f 

mm 


H ** 


15.2 


8.7-37.2 


256 


M 


0. 


IOOO-I5OO 


355 


§4 


Ma 


61.5 


12.6-34.4 


II 


M 


20.4 


II 


33.8 


<4 


H " 


99.0 


12.8-34.5 


495 


«« 


(1 


48.85 


44 


32.S 


44 


■GtyceriDe 


I4!8 


— 


25 


8 


M 


a 


1500-2000 


32.4 


M 


^H 


- 


22 


6 


a 


0. 


2000-2500 


29.2 


44 


■Mercary 


0. 


- 


392 


9 


« 


0. 


2500-3000 


26.1 


44 


■ 


a 


- 


3.90 


10 


a 


48.85 


«4 


2S-4 


44 


■UetbTl alcohol 


14.7 


8.50-37.1 


104 


3 













For references tee pofe 80. 
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8o Table 66. 

COMPRE88IBIUTY AND BULK MODULI OF SOLIDS. 



SoHd. 



Crystals: Barite . . 
Beryl . . 
Fluorspar 
Pyrites • 
Quartz 
Rock salt 
Sylvine . 
Topaz . . 
Touunaline 

Brass 

Copper 

Delta metal . . . 

Lead 

Steel 

Glass 



Conpn Buon 

per unit 

volume per 

atmo. X 10^. 



1-93 

0747 

1.20 

1. 14 

2.67 

4.20* 

745* 
0.61 

0-113 

1.02 
2.76 
0.68 
.2-2.9 



Avthoii^. 



Voigt . . . 



M 
M 
(« 
M 
M 
M 
«• 



• • • 

• • • 

• • • 

• • • 

• • • 

• • • 



Cakobtwl vmloes of bdk 

in — 



Gfamtptr 

sq. cm. 



Amagat 
Buchanan 
Amagat ; 



« 




Pottods per 
tq. in. 



7.61 X K^ 
19.68 
12.24 
12.89 

550 

350 

1.97 

24.11 

130.10 

15.48 
17.10 

1441 

5-32 
21.61 

5-76 






NoTB : The accnmcy of the above data is open to question but it it the best at present available. 

NoTB : Winklemann, Schott, and Straulel (Wied Ann. 6i. 63, 1897, 68. 1809) give the following coefficients (ai 
others) for various Jena glasses in terou of the volume decrease divided by the increase of pressare expressed nl 
grams per square millimeter : 

The lullowing values in cm' / Kg of 10* X Compressibility are given for the cor retpondiog t e mp e ia tnres by ( 
Ann. der Pbys. 33, p. 65, 1910. 

Al. — 191®, 1.3a; 17®, 1.46; 135°, 1.70. Fe. — 190®, 0.61 ; 18®, 0.63; 165®, 0.67, 

Cu. — 191®, 0.7a ; 17O, 0.77 ; 165°, 0.83. Ag. — 191**, 0.71 ; 16®, 0.76; 166P, 0.86k 

Ft. — 189°, 0.37 ; 170, a39 ; 164O, 0.40. Pb. - i9iS(a.5) ; «4**, (jt) 



No. 


Glass. 


Compres- 
sibinty. 


No. 


Glasa. 


™ 


665 

"99 
16 

178 




75*0 

5800 
4530 
3790 


S S08 

500 

S 196 


Kalibleisilicat 

Heaviest BleisiUcat 

Very Heavy " 

Tonerdborat nith sodium, barjte 


SSI*. 
S5» 
3«» 


Barytborosilicat 

Natronkallczlnlcsilicat .... 





* Rttntgen and Schneider by piezometric experiments obtained 5.0 X to-* for rock salt, and 5^ X 10^ fori 
(Wied. Ann., vol. 31). 



References to Tables 55 and 56. 
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Table 07. 3 1 

SPECIFIC GRAVITIES CORRESPONDING TO THE BAUM6 SCALE. 

The specific gravities are for 15.56PC (6o®F) referred to water at the same temperature as unity. 
For specific gravities less than unity the values are calculated from the formula : 

Degrees Baum^ = c..^^;<:J^/-.^..;>^ — *30' 



For specific gravities greater than unity from: 



Specific Gravity 



MS 



Degrees Baum^ = 145 - Specific Gravity 









Specific Gravities less than i 


■ 










0.00 


aoi 


aoa 


0.03 


0.04 


0.05 


0.06 


0.07 


0.08 


0.09 


Specific 
Gravitj. 










































Degrees Banmd. 










a6o 


103.33 


59-5J 


05.81 


92.22 


88.7 s 


u 


82.12 


78.95 


75.88 


72.90 


.70 


7aoo 


67.18 


64.44 


61.78 


59.J9 


54.21 


51.82 


49-49 


47.22 


.80 


45.00 


42.84 


40.73 


Vi.68 


36.67 


34.71 


32.79 


30.92 


29.09 


27.30 


•90 


25.56 


23.85 


22.17 


20.54 


18.94 


^7-37 


15-83 


14.33 


12.86 


1 1. 41 


1.00 


laoo 






















• 




Specific Gravities greater tha 


n I. 










0.00 


0.01 


0.0a 


ox>3 


0.04 


0J05 


aa6 


ao7 


0.08 


ao9 


Specific 
Gravity. 










, 
































Degrees BMin^. 










1.00 


OXX3 


1.44 


2.84 


f?2 




6.91 


8.21 


9-49 


10.74 


11.97 


I.IO 


13.18 


M.37 


1554 


16.68 


18.91 


20.00 


21.07 


22.12 


2315 


1.20 


24.17 


25.16 


26.15 


27.11 


28.06 


29.00 


29.92 


30.85 
39.16 


3»-72 


32.60 


1-30 


33-46 


34.31 


35-15 


3598 


36.79 


37-59 


45-68 


39-93 


4a68 


I^O 


4^43 


42.16 


42.89 


43.60 


44.31 
50.84 


45.00 


46.36 
52-64 


47.03 


47.68 


1.60 
1.70 


48.33 
54.38 
59.71 
64.44 


48.97 


49.60 


50.23 


51.45 


52.05 


5j;3 


53.80 


54.94 

60.20 


5549 
60.70 


56.04 
61.18 


61.67 


57.12 
62.14 


62.61 


63^08 


58.69 
63-54 


59.20 
03-99 


lib 


64.89 


65.33 


65.76 


< 66.20 


66.62 
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Table 60. 3^ 

0EN8ITY IN GRAMS PER CUBIC CENTIMETER OF .THE ELEMENTS, 

LIQUID OR SOLID. 

N. B. The density of a specimen may depend considerably on its state and previous treatment. 



Element. 


Physical Sute. 


Grams per 
cu. cm.* 


Tempera- 
lure °C.t 


Authority. 


Alaminum 


commercial h'd d*n 


2.70 


20® 


Wolf, Dellinger, 1910 


44 


wrought 


2.65-2.80 






Antimony 


vacuo-distilled 


6.618 


20 


Kahlbaum, 1902. 


M 


ditto-compressed 


6.691 


20 


t« ^ 


4t 


amorphous 


6.22 




H^rard. 


Argon 


liquid 


1.3845 


-183 


Baly-Donnan. 


•• 


u 


1-4233 


— 189 


a (4 


Arsenic 


crystallized 


5-73 


M 




t» 


amorph. br.-black 


3-70 




Geuther. 


a 


yellow 


388 




Linck. 


Barium 




378 




Guntz. 


Bismuth 


solid 


9.70-9.90 






M 


electrolytic 
vacuo.<Ustilled 


9-747 
9.781 


20 


Classen, 1890. 
Kahlbaum, 1902. 


«• 


liquid 


10.00 


271 


Vincentini-Omodei. 


a 


solid 


9.67 


271 


<( u 


Boron 


crystal 


2-535 




Wigand. 


Bromine 


amorph. pure 
liquid 


2.45 

ri2 




Moissan. 
Richards-StuU. 


Cadmium 


cast 


8.54-8.57 
8.67 






M 


wrought 






M 


vacuo-distilled 


8.648 


20 


Kahlbaum, 1902. 


U 

1 


solid 


8.37 


318. 


Vincentini-Omodei. 


1 


liquid 


7.99 


318 


tt it 


Caesiiun 




1.873 


20 


Richards-Brink. 


Calcium 




1.54 




Brink. 


Carbon 


diamond 


352 




Wigand. 


w 


graphite 


2.25 




« 


Ceriom 


electrolytic 


6.79 




Muthmann- Weiss. 


M 


pure 
liquid 


7.02 




it (t 


Chlorine 


1.507 


— 33-6 


Drugman-Ramsay. 


Chromium 




6.52-6.73 






«c 


pure 


6.92 


20 


Moissan. 


Cobalt 




8.71 


21 


Tilden, Ch. C. 1898. 


Columbtum 




8.4 


15 


M uthmann- Weiss. 


Co^>per 


cast 
annealed 


8.30-8.95 
8.89 


20 


Dellinger, 191 1 


«■ 


wrought 


8.85-8.95 






u 


hard drawn 


8.89 


20 


« M 


M 


vacuo-distilled 


8.9326 


20 


Kahn)aum, 1902. 


U 


ditto-compressed 


8.9376 


20 


«< « 


M 


liquid 


8.217 




Roberts- W righ tson. 


Erbium 




4.77 




St. Meyer, Z. Ph. Ch. 37. 


Fluorine 


liquid 


I.I4 


— 200 


Moissan-Dewar. 


Gallium 




5.93 
5.46 


23 


de Boisbaudran. 


Germanium 




20 


Winkler. 


Glucinnm 




1.85 




Humpidge. 


Gold 


cast 


»9.3 






<• 


wrought 


'9-33 
18.8$ 






• 


▼acuo-distilled 


20 


Kahlbaum, 1902. 


M 


dittocompressed 


19.27 


20 


14 


Helium 


liquid 


0.15 


— 269 


Onnes, 1908. 


Hydrogen 


liquid 


0.070 


— 252 


Dewar, Ch. News, 1904. 


Indium 




7.28 




Richards. 



* To redoce tn pounds per cu. ft. multiply by 6a 4. 

t Where the temperature is not given, ordinary atmosphpric temperature is understood. 

Cbmpiled fron Cbfke's Constants of Nature, Landolt-RAmstein>Meyerho£Fer*s Tables, and other sources. Where 
is stated, the values are mostly means from various sources. 
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Table 60 {ci 



DENSITY IN QRAM8 PER CUBIC CENTIMETER OF THE ELEMENTI 

LIQUID OR SOLID. 



Element. 


Physical State 


Grams per 
ctt. cm.* 


Tempera- 
tare^:.t 


Aothoritj. 


Iridium 




22.42 


17 


Deville-Debray 
Richards-Stull 


Iodine 




7.85-7.88 


20 


Iron 


pure 








gray cast 
white cast 


70J-7.13 
7-58-7-73 






tc 


wrought 
liquid 


7.80-7.90 






<« 


6.88 




Roberts-Austen 


II 


steel 


7.60-7.80 






Krypton 


liquid 


2.16 


—146 


Ramsay-Travers 


Lanthanum 




6.15 




Muthmann-Weiss 


Uad 


yacuo-distilled 


11.342 


20 


Kahlbaum, 1902 


M 


ditto-compressed 


11-347 


20 


11 II 


M 


solid 


11.005 


325 


Vinceutini-Omodei 


M 


liquid 


10.645 


325 


<l M 


<i 


11 


10.597 


400® 


Day, Sosman, Hostettai 


M 


« 


10.078 


8500 


Richards-Brink, '07 


Lithium 




0-534 


20 


Magnesium 




1.741 




Voigt 


Manganese 




7.42 




Prelinger 


Mercury 


liquid 


13-596 





Regnault, Volkmann 


«i 

u 


41 
« 


13-546 
13.690 


20 
-38.8 


Vincentini-Omodei 


(1 


solid 


14-193 
14-383 


—38.8 


MaUet 


u 


i« 


— lis 


Dewar, 1902 


Molybdenum 




9.01 




Moissan 


Neodymium 




6.96 




Muthmann* Weiss 


Nickel 




8.60-S.90 






Nitrogen 


liquid 


0.810 


—195 


Baly-Donnan, looa 


II 


If 


0.854 


—205 


«* II M 


Osmium 




22.5 




Deville-Debray 


Oxygen 


liquid 


1.14 


—184 




Palladium 




12.16 




Richards-Stull 


Phosphorus 


white 


1-83 






II 


red 


2.20 






II 


metallic 


2-34 


IS 


Hittorf 


Platinum 




21.37 


20 


Richards-Stall 


Potassium 




0.870 


20 


Richards-Brink, '07 
Vincentini-Omodei 


II 


solid 


0.851 


62.1 


u 


liquid 


0.830 


62.1 


M M 


Praesodymium 




6.475 




Muthmann-Weiss 


Rhodium 




12.44 




Holbom Henning 


Rubidium 




1-532 
12.06 


20 


Richards- Brink, '07 


Ruthenium 







Toby 
Muthmann-Weiss 


Samarium 




7-7-7-8 




Selenium 




4-3-4-8 






Silicon 


oyst. 


2.42 


20 


Richards-Stull-Brink 


II 


amorph. 


2.35 


15 


Vigoroux 


Silver 


cast 


io.42-ia53 






M 


wrought 


10.6 






a 


vacuo-distilled 


10.492 


20 


Kahlbaum, 1902 


i< 


ditto-compressed 


10.503 


20 


«4 a 


«< 


liquid 


9.51 




Wrightson 


Sodium 




0.9712 


20 


Richards-Brink, '07 


II 


solid 


0.9519 


97.6 


Vincentini-Omodei 


tt 


liquid 


0.9287 


-.r 


«< M 


« 




1.0066 


Dewar 


Strontium 




2.50-2.58 




Matthiessen 


Sulphur 




2.0-2.1 






a 


liquid 


1.811 

• 


"3 


Vincentini-Omodei 



*To reduce to pounds per cubic ft. roultiply by 63.4. 

t Where the temperature is not given, ordinary atmosfAers temperature is underMood. 
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Tables eo {contrnmO) and 61. DENSITY OF VARIOUS SUBSTANCES, gc 

finjl 80 (ftf«/M«ri/). — Douity la gnuni per onbio oeatliBeter and poiiada per oalilo foot of tlio oltmmts, 

UVDlA or seUd. 



SlemenL 


Physical SUte. 


Grams per 

CU. CSB. 


Tempera- 
ture oc. 


Authority. 


Tantalum 

Tellurium 
•* 

ThalUom 
Thorium 

rm 

M 

« 
U 

u 

Titanium 

Tungsten 

Uranium 

Vanadium 

Xenon 

Yttrium 

7.tnc 
11 

M 
« 
H 

2rconium 


crystallized 
amorphous 

white, cast 
** wrought 
** cryst^lized 
'* solid 

liquid 

gray 

liquid 

cast 

wrought 

vacu^istilled 

ditto-compressed 

liquid 


16.6 

6.25 

6.02 
11.86 
12.16 

7.29 

Z-30 , 
6.97-7.18 

7.184 
'^ 

18.0-19.1 
18.7 
5.69 

3*^^ ^ 
7.04-7.16 

6.92 

648 
6.44 


20 
17 

226 
226 

18 
13 

109 

20 
20 


Beljankin. 
Richards-StuU. 
Bolton. 
Matthiessen. 

Vincentini-Omodei 

See Table 65 

Mixter. 

Zimmermann. 
Ruff-Martin. 
Ramsay-Travers. 
St. Meyer. 

Kahlbaum, 1902. 

M II 

Roberts-Wrightson. 



TilLB 01. — DtBitty la gians per oaUe oeatlmotir and la povada per oaUo foot of dlfforeat Uada of wood. 

The wood is supposed to be seasoned and (A average dryness. 





Grams 


Pounds 




Grams 


Pounds 


Wood. 


per cubic 


per cubic 


Wood. 


per cubic 


per cubic 




centimeter. 


foot. 




centimeter. 


foot. 


Alder 


a42-0.68 


26-42 


Hazel 


0.60-0.80 


37-49 
37-58 


Bamboo 


o.66-a84 


41-52 


Hickory 


0.60-0.93 


0.65-0.85 


40-53 


Holly 


0.76 


I 


0.31-040 


19-25 


Iron-bark 


1.03 
0.50 


Basswood. See Linden. 






Juniper 


35 


Beech 


0.70-0.90 


43-56 


Laburnum 


0.92 


57 


Bloegmn 


1. 00 


62 


Lancewood 


0.68-1.00 


42-62 


Birch 


0.51-0.77 


32-48 


Lignum vitae 


II7-I.33 


73-83 


Box 


0.95-1. 16 


r^ 


Linden or Lime-tree 


0.32-0.59 


20-37 


BoUet-tree 


1.05 


Locust 


0.67-0.71 


42-44 


Buttemnt 


0.38 


24 


Logwood 


•91 


57 


Cedar 


0.49-0.57 


30-35 
43-50 


Mahogany, Honduras 


0.66 


41 


Chmy 


0.70-0.90 


« Spanish 


a8s 


53 


Cork 


a22-0.26 


14-16 


Maple 


0.62-0,75 


39-47 


Dogwood 


0.76 


^.1 


Oak 


o.6o-<X9o 


37-56 


Ebony 


1,11-1.33 


Pear-tree 


0.61-0.73 
0.66-0.78 


38-45 


Efaa 


0.54-0.60 


34-37 


Plum-tree 


41-49 


Fir or Pine, American 






1 Poplar 


0.35-0-5 


22-31 


White 


0.35-0.50 


22-31 


Satinwood 


0.95 


59 


•• Larch 
« Pitch 
• Red 


0.50-0.56 
0.81-0^5 
0.45-0.70 


3^-35 
52-53 
30-44 


Sycamore 
Teak, Indian 
•• African 


ako-ado 
0.06-0.88 
ao8 
0.04-0.70 


24-37 


" Scotch 


o.4>-o.53 
0.48-0.70 


«7-33 


Walnut 


r^ 


* Spruce 
•• Yellow 


30-44 


Water gum 


IJQO 


0.37-0.60 


's^^'s 


Willow 


0u|0-0.60 


24-37 


Greenheart 


093-1.04 









• Where tho temperatOTO ia aoc giten, ordinary atmo^pberic teoperatore la nnderatood. 
iamtaoNiAN TaaiM* 
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DENSITY IN QRAM8 PER CUBIC CENTIMETER AND POUNDS PER CUBIO 

FOOT OF VARIOUS SOLIDS. 

N. B. The density of a 
with porou* matenaJ^ 



1 

UmUtiaL 


Gixms per 
ca.cin. 


Poondspcr 
CO. foot. 


MateriaL 


Grams per 
CO. cm. 


Poondsper 
cu. foot 

1 

4 


Agate 
Alabaster: 


2.5-2.7 


156-168 


Gum arable 
Gypsum 


I3-I-4 
2-31-2.33 


1 
80-85 ' 

l44-t45 


Carbotiate 


2.69-2.78 


168-173 


Hematite 


49-5.3 


306-330 


1 Sulphate 


2.26-2,32 
2.62-2.85 


141-145 


Hornblende 


3-0 


187 


; Albite 


163-165 


Ice 


o.9'7 


280-310 


Amber 


I.06-I.II 


66-69 


Ilmenite 


1.83-1.92 


' Amphiboles 


2.9-3.2 


180-200 


Ivory 


114-120 


Anorthite 


2.74-2.76 


I71-172 


Labradorite 


2.7-2.72 


168-170 


Anthracite 


1. 4-1.8 


«7-II2 


Lara: basaltic 


2.8-3.0 


:ii:;l5 


Asbestos 


2.0-2.8 


125-175 


trachytic 


2.0-2.7 


Asphalt 


1.1-1.5 


69- 94 


Leather: dry 


0.86 


ij 


Basalt 


2.4-3.1 


150-190 


greased 


1X)2 


Beeswax 


0.96-0.97 


60- 6f 


Lime : mortar 


1.65-1.78 


103-111 


Beryl 


2.69-2.7 


168-168 


slaked 


2.68-2.76 


81-87 


Biotite 


2.7-3-1 


170-190 


Limestone 


167-171 


Bone 


1.7-2.0 


106-125 


Litharge : 






Brick 


X 4-2.2 


^7-137 


Artificial 


93-9.4 


580-585 


Butter 


0.86-0.87 


53- 54 


Natural 


7.8-8.0 


490-500 


Calamine 


41-4-5 


255-280 


Magnetite 


4-9-5-2 


306-324 


Caoutchouc 


0.92-0.99 


IV'' 


Malachite 


37-4.1 


231-256 


Celluloid 


1.4 


Marble 


2.6-2.84 


160-177 


Cement, set 


2.7-3.0 


170-190 


Meerschaum 


099-1.28 


62-80 


Chalk 


1 .9-2.8 


118-175 


Mica 


2.6-3.2 


165-200 


Charcoal: oak 


0-57 


35 


Muscovite 


2.76-3.00 


172-225 


pine 


0.28-0.44 


18- 28 


' Ochre 


2.65-2.67 


218 


Chrome yellow 


6.00 


374 ^ 


Oligoclase 


165-167 


Chromite 


4.32-4-57 


270-285 


Olivine 


3-27-3-37 


204-210 


Cinnabar 


8.12 


507 , 


Opal 


2.2 


"37 


Clay 


1.8-2.6 


122-162 


Orthoclase 


2.58-2.61 


161-163 


Coal, soft 


1. 2-1. 5 


75-94 


Paper 


0.7-1. 1 5 


44- 72 


Cocoa butter 


0.89-0.91 


5^ 57 
62-105 


Paraffin 


0.87-0.91 


54- 57 


Coke 


1. 0-1.7 


Peat 


0.84 


^^ . 


Copal 


1.04-1.X4 


65- 71 


Pitch 


1.07 


Corundum 


3-^4-o 


245-250 


Porcelain 


2.3-2.5 


143-156 


Diamond : 






Porphyry 


2.6-2.9 


162-181 


Anthracitic 


1.66 


104 


, Pynte 


4.95-51 


309-3*8 


Carbonado 


301-3.2$ 


188-203 


Quartz 


2.65 


165 


Diorite 


2.52 
2.84 


"57 


Quartzite 


2.73 


170 


Dolomite 


177 


Resin 


1.07 


67 


Ebonite 


1. 15 


72 


, Rock salt 


2.18 


136 


Emery 


4.0 


250 


Rutile 


6.00-6.5 


374-406 


Epidote 


3- 2 5-3- 5 


203-218 


Sandstone 


2.14-2.36 


134-147 


Feldspar 


2.55-2-75 


159-172 


Serpentine 


2.50-2.05 


156-165 


Flint 


2.63 
3.18 


164 


1 Slag, furnace 


2.0-3.9 


125-240 


Fluorite 


198 


; Slate 


2.6-3.J 
2.6-2.8 


162-205 


Gamboge 


1.2 


75 ,„ 


Soapstone 


162-175 


Garnet 


315-4.3 


197-268 


Starch 


'53 


. 95 


Gas carbon 


1.88 


117 


Sugar 


1. 61 


100 


(telatine 


1.27 


180 


Talc 


2.7-2.8 


168-174 


Glass : common 


2.4-2.8 


U0-175 
180-370 


Tallow 


0.91-0.97 


.57-60 


flint 


2.9-5.9 


Topaz 


3-5-3-6 


219-223 


Glue 


1.27 


80 


Tourmaline 

1 


30-3-2 


190-200 


Granite 


2.64-2.76 


165-172 


, Zircon 


4.68-4.70 


292-293 


Graphite 


2.30-2.72 


144-170 


1 
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Y IN QRAM8 PER CUBIC CENTIMETER AND POUNDS PER CUBIC 

FOOT OF VARIOUS ALLOYS. 





Grams 


Pounds 


Alloj. 


per cubic 


per cubic 




centimeter. 


loot. 


» : Yellow, 70CU + 30Z11, cast 


8.44 


527 


«• " rolled 














8.56 


534 


•• ** drawn 














8.70 


542 


Red, 90CU + loZn 














8.60 


536 


White, 50CU + 5oZn . 
es : QoCu -f loSn 
85Cu-|-i5Sn . 














8.20 


5" 














8.78 
8.89 


548 
555 


8oCu + 2oSn . 




• 










8.74 


545 


75Cu4-2^Sn 














8.83 


551 


in Silver: Chinese, 26.3CU + 36.6Zn + 36.8N] 
" Berlin (1) 52CU + 26Zn -f 22Ni 










8.30 


518 










8.45 


527 


" (2) 59CU + 3oZn 4- 1 1 Ni , 










8.34 


520 


" " (3) 53CU + 3oZn 4- 6N 


i 










8.30 


518 


Nickelin .... 












S.77 


547 


and Tin : 87.5Pb 4- i2.5Sn 














10.60 


661 


« 84Pb 4- i6Sn . 














10.33 


644 


•* ** 77.8Pb4-22.2Sn 














10.05 


627 


« 63.7Pb4-36.3Sn 
- « 45.7Pb4-53.3Sn . . 














9-43 


588 














8.73 


545 


* ** 30.5Pb -I- 69.5Sn 














8.24 


514 


th, T.ead, and Tin : 5361 -f 4oPb 4- 7Cd 

•s Metal : 5oBi 4- 25Pb 4* i2.5Cd -f 1 2.5Sn . 










10.56 


059 










9.70 


605 


ium and Tm: T2Cd4-68Sn . . . , 










7.70 


480 


and Copper: ^Au 4" 2Cu 














18.84 


1 176 


96AU4-4CU 














18.36 


"45 


- •• 94Au-f6Cu 














17.9s 


1 120 


" « 92AU4-8CU 














17.52 


1093 


" « 90AU H- iqCu . 














17.16 


107 1 


•* •• 88Au4-i2Cu . 














16.81 


1049 


« " 86Au 4- 14CU . 














16.47 


1027 


inum and Copper: loAl 4- 9oCu 














7.69 


480 


5AI4-95CU . 














8.37 
8.69 


522 


3AI4-97CU 
inum and Zinc : 91 Ar4' ^n . 














542 














2.80 


1348 


am and Iridium : 9oPt 4- loir . 














21.62 


•• 85Pt4-i5lr. 


• 












21.62 


1348 


66.67Pt4-33.33ir 














21.87 


1364 


SPt4-95lr . . 
antan : 6oCa 4- 4oNi 














22.38 
8.88 


1396 














554 


alium: 70AI 4" 3oMg 














2.0 


125 


anin : 84CU 4- i2Mn -h 4Ni . 














8.5 


1 


Old : German silver 4- little Tungsten 


9.0 
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Table 64.- DENSITIES OF VARIOUS NATURAL AND ARTIFICIAL 

MINERALS. 

(See also Table 62.) 



Name azid FoimaU. 



Pure compounds, all at 
2500 

Magnesia, MgO 

Lime, CaO 

Forms of SiO,: 

Quartz, natural 
** artificial 

Cristobalite, artificial 

Silica glass 

Forms of AljSiOi : 

Sillimanite glass 

Sillimanite cryst. 

Forms of MgSiOj : 

fi Monodinic pyroxene 

o' Orthorhombic pyroxene 

/3' Monoclinic amphibole 

7* Orthorhombic amphi- 
bole 

Glass 

Forms of CaSiO, : 

a (Pseudo-wollastonite) 

3 (Wollastonite) 

Glass 

Forms of Ca^SiOi : 

a — calcium-orthosilicate 



Density 
gnuDs 
percG. 



u 



« 



« 



« 



iS — 
7 — 

Lime-alumina compounds : 
3CaO • A1,0, 
SCaO • 3A1,0, 
CaO • A1,0, 
3CaO • 5A1,0, 
3CaO • sAljOg, unstable 

form 
Forms of MgSiO, * CaSiO, : 
Diopside, natural, cryst. 

'* artificial, 

« glass 



«« 



3603 
3-3«» 

2.646 
2.642 

2.319 
2.206 

2-53 
3.022 



2.849 
2735 

2.904 
2.906 
2.89s 

3.26 

3-27 
2.965 



3.029 
2.820 
2.972 



3-04 

3258 
3.265 
2.846 



Sp.Vol. 
cc. per 
gram. 



.2775 
•3025 

•3779 

•3785 
.4312 

•4533 

•395 
•3309 

.3142 
•3159 



I 



Name and Forarak. 



.TO 



10 
3«>56 



•^144 
•3441 
•3454 

•307 
.306 

•337 



•3301 
•3546 

•3365 



•329 

.3069 

•3o<^3 
•3514 



I 

2 

«< 
«< 
(( 

M 



3 



5 



«« 



2 

M 
f< 



« 



3 
•I 



M 



4 



Feldspars : 
Albite glass, NaAlSi,0,. 

art 
Albite ciyst, NaAlSi,0» 

art. 
Anorthite glass, 

CaAl,Si,0„ art. 
Anorthite cryst., 

CaAl,Si,Oa» art 
Soda anorthite, 

NaAlSiO^ art. 
Borax, glass, Na^B^Oi 

" cryst " 
Fluorite, natural, CaF. 

i20<^ 
30** 
3<^ 
30' 

Forms of ZnS : 
Sphalerite, natural* 
Wurtzite, artificialt 
Greenockite, artificial 

Forms of HgS : 
Cinnabar, artificial 
Metacinnabar, artifi- 
cial 

Minerals : 
Gehlenite, from Velar- 

dena 
Spurrite, from Velardena, 

2Ca,Si04 • CaCO, 
HiUebrandite, from Vel- 

ardena, 

CaSiO,-Ca(OH), 

Srrite, natural, FeS 
arcasite, natural, FeS, 

^ Only 0.15% Fe total impuiity. 
t Same compotitioo «• Spiialcr> 
ite. 



I>ensit]r| 
grams 
peroc. 



Sp.VoL 



2-375 

«-597 
2.692 

2-757 

2.563 
2.36 

2.27 

3-i8o 
1.765 
2.657 

1.984 

4.087 
8.176 

7.58 



3^03 
3.005 

2.6S4 

5X>I2 

4.873 



.4210 

•3851 

•3715 
•3627 
•3902 

^3 
.440 

•3764 
.5040 

.2444 
.2447 
.2075 

.1223 
.132 



•330 
•1328 

•3726 

•»995 
.ao5s 



J 



« 
4 



References: i, Larsen 1909; 2, Day and Shepherd; 3, Shepherd and Rankin, 1900; 4,AIka 
White, 1909; 5, Allen, Wright and Clement, 1906; 6; Day and Allen, 1905; 7, WashingtiNi] 
Wright, 1910; 8, Merwin, 191 1 ; 9, Johnston and Adams, 191 1; 10, Allen and Crenshaw, 
II, Wright, 1908. 

All the data of this table are from the Geophysical Laboratory, Washington. 

Tablc 65.- densities OF MOLTEN TIN AND TIN-LEAD EUTECTia 



Temperature 

Molten tin 

37 pU. Pb, 63, Sn.* 



250OC. 
6.982 
8.01 1 



300® 

0.943 

7965 



4pcP 

6.875 

7-879 



500® 

6.814 

7.800 



6oo«> 

6-755 
7-73> 



900^ 
6.578 



isooP 

6.399 



i4oaP 
6.280 



li 
6.i( 



*> Melu at 181. Day and Soaman, Geophysical Laboratory, trnpobUslMd. 

For further densities inorganic substtnces see tsble 238. 
" " " organic '* " " 244. 
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MBLB Sa.— Wdtkt Ed Sh* 
Thii BUe pret Ihe weltbl ia (iwn si a plate « 



n and gf ib> Ihickntw Mated la tbg 



Thkk»tt 















1 


■audUaol 


Inn. 


Copp«. 


Btm*. 




PUti™. 


Cold. 


sn™. 




78.0 
156^ 


X 


85.6 


16.7 

g:1 


JI5.0 


K 


105.0 




3340 


267.0 






579.0 


3150 














772.0 


420.0 




39°-o 


445-0 




"33 5 


1075.0 


965.0 


525,0 


6 


46S.0 


ISI 




160.2. 


1290.0 


1.58.0 


630.0 


i 


624.0 


&i 


in? 


1505.0 
1720.0 


>35'o 

1544.0 


735-0 

840.0 


9 






m 






1737-0 




lO 








2150.0 


1930JJ 


1050.0 







UBiaa 


r. ~Wll(UolBkNtlIM*L <BlitilkllMUnn.] 






inM^r* 


It™, 


Coppw. 


BniB. 


A,„.Lou„,. 


PU.™. ll 


WX 


Fsandapcr 
5q. Foot. 


Poundaper 
Sq. Fool. 


Poundl p*r 
Sq. Fool. 


Ou<.a> p« 
S(i.Fool. 


Po<p.d>pe> 
Sq. Foot. 


■^sTTooT 


1 

3 

4 

5 


j>40s8 

.osifa 


.04630 

.09260 

.23150 


3f 

.2*271 


.0.389 
.02778 
.04167 
■05556 
■06945 


■4445 


.1119 
.4474 

■5593 


1.790 

3-579 
5-369 
7.158 
8.948 


6 

1 

9 


■14347 
.J840S 

is 


.27780 
.32411 

.41671 

4630" 


.26725 

■3" 79 

.40088 

.44542 


■08334 
.09723 

:ii 


'■3335 

2.OO02 
2.2II4 


.7830 

■^ 
1.0067 
1.1,85 


10.738 
12.527 
'4-3'7 
16.106 
17.896 






Thieknen 
in Mil.. 


Gold. 


Sil™. 








Oun«»pef 
Sq.FoM. 


Gr^iuper 


Ounetipet 
Sq.Foot 


l."?r 






1 




tj* 


.J2 


,0 


8 


QTO 


6t 


18 
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Table 68. 



DENSITY OF LIQUIDS. 

Density or matt in grains per cubic centimeter and in ponndi per oiMc feot of Tarions Kqoida. 



Liquid. 



Acetone .... 
Alcohol, ethyl . 
*' methyl 
Anilln .... 
Benzol ...» 
Bromine .... 
Carbolic acid (crude) 
Carbon disulphide . 
Chloroform 

Ether .... 
Gasoline .... 
Glycerine .... 
Milk .... 

Naphtha (wood) 
Naphtha (petroleum ether) 
Oils: Amber . 

Anise-seed 

Camphor 

Castor . 

Cocoanut 

Cotton Seed . 

Creosote 

Lard . 

Lavender 

Lemon . 

Linseed (boiled) . 

Olive . 

Palm . 

Pine . 

Poppy . 

Rapeseed (crude) . 
" (refined) 

Resin . 

Train or Whale . 

Turpentine . 

Valerian 
Petroleum . • 

(light) . . 
Pyroligneous acid . 
Water .... 



/ 



Gnuns per 
cubic centUBeter. 



a792 
0.807 
0.810 
1.035 
0899 

3187 ^ 
0.950-0.965 

1.203 

1480 

a6o-a69 

1.260 
i.028-ix)35 
0.84H-0.810 

a665 

0.800 

0.996 

0.910 

0.969 

0.921 

0.92( 

1. 040-1. 100 

0.920 

a877 

a844 

0.942 

0.918 

0.905 
0.850-0.860 

0.924 

0.915 

o-9»3 

0-9S5 
0.910HD.925 

0.873 



o.79S-o-^S 
a8oo 



Poandft per 
cubic foot. 



49-4 

50-4 

50.5 

64.5 
56.1 

199.0 

59.2-60.2 

80.6 

92.3 

45-9 
41.0-43.0 

78.6 

64.2-64.6 

52.9-50.5 

41.5 

49^9 
62.1 

56.8 

60.5 . 

57Z 
57.8 

64.9-68.6 

57^ 
54.7 

5?- 




1. 000 



57.3 

56.5 

53.o-54X> 

57.7 
57- « 
57.0 
59.6 
57.3-57.7 

54.* 
oas 

49.6-50.2 

49^9 
62.4 



26» 

o 
o 
o 

o 
o 

IS 



18 





o 
IS. 



16 
15 

»S 
'S I 

IS 



16 

o 
IS] 



Smithsonian Tables. 



Table 69* 
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DENSITY OF CASES. 

The following table gives the density of the gases at o^ C, 76 cm. pressure, at sea-level and lati- 
tude 45^ relative to air as unity and under the same concUtions ; also the weight of one liter in 
grams and one cubic foot in pounds. 



Gat. 


Density 
Air^ 1 


Grams 
per liter. 


Pounds 

per cubic 

foot. 


Relerenoe. 


Air 


1. 000 


1.2928 


.08071 


Rayleigh; Leduc. 


Acetylene 


0.92 


1. 1620 


.07254 


Berthelot, i860. 


Ammonia 


0.597 


0.7706 


.04811 


I^duc, C. R. 125, 1897. 


Argon 


'•379 


1.782 


.1112 


Ramsey-Travers, Proc. R. Soc. 67, 1900. 


Bromine 


5-524 


7.1388 


.4457 


Jahn, 1882. 


Butane 


2.01 


2-594 


.16194 


Frankland, Ann. Ch. Pharm. 71. 


Carbon dioxide 


1.5291 


1.9768 


.12341 
.07807 


Guye, Pintza, 1908. 


** monoxide 


0.9672 


1.2506 


Rayleigh, Proc. R. Soc. 62, 1897. 


Chlorine 


2.491 


31674 


•19774 


I^uc, C. R. 125, 1897. 


Coalgasjfro- 


0.320 


0.414 


.02583 




0.740 


0.957 


.05973 




Cyanogen 


1.806 


2.3229 


.14522 


Gay-Lussac 


Ethane 


1.0494 


1-3567 


.08470 


Baume, Perot, J. Ch. et Phys. 1908. 


'Fluorine 


1.26 


1.697 


.1059 


Moissan, C. R. 109. 

Ramsav-Travers, Proc. R. Soc. 67, 1900. 


Helium 


0.1368 


0.1787 


.01116 


Hydrofluoric acid 


0.7126 


0.894 


.05581 


Thorpe- Ham bley, J. Ghem. Soc. 53. 


Hydrobromic acid 


2.71 


3.6163 
1.6398 


.2258 


Lowig, Gmelin-Kraut, Org. Chem. 


Hydrochloric acid 


1.2684 


.10237 
.005621 


Guye-Gazarian, 1908. 


Hydrogen 


0.0696 


0.09004 


Rayleigh, Proc. R. Soc. 53, 1893. 
Leduc, C. R. 125, 1897. 


Hydrogen sulphide 


1.1895 


1.5230 
3708 


.09508 


Krypton 
Methane 


2.868 


•23^5 


Watson, J. Ch. Soc. 191a 


0.5576 
0.6963 


0.7160 


X)4470 


Thomson. 


Neon 


0.9CX>2 


.05^8 
.07812 


Watson, J. Ch. Soc. 191a 


Nitrogen 


0.9073 


1-2514 


Rayleigh, Proc. R. Soc. 62, 1897. 
Guye, Davila, 1908. 


Nitric oxide, NO 


1.0367 


1.3402 


.08367 


Nitrous oxide, N^O 


1.5298 


1.9777 


.12347 


Guye, Pintza, 1908. 


Oxy^n 
Sulphur dioxide 


i-«053 


1.4292 


.08922 


Rayleigh, Proc. R. Soc. 62, 1897. 


2.2639 


2.9266 


.18271 


Jaquerod, Pintza, 1908. 


Steam at 100^ 


0.469 


0.581 

S.85I 


.0363 




Xenon 


4.526 


•3653 


Watson, J. Ch. Soc. 1910. 



Compiled partly from Landol^BBnl•tclIl-Meyerboffer*s PhyMkaUscfa-Cheiiiiachc Tabelltn. 
iWTNaOIIIAN TABLBS. 



93 TAM.I 70. 

DENSITY OF AQUEOUS SOLUTIONS.* 

Tbe following able tint ihe deD^tr of in mtcr. Tlu nomba* (in ilw ■ 



in mtcr. Tlu mimbcn (in 
lli^ it indicated b; (onmila oo^. 



« th* ilAitKt ^ OcAidk Vo &• " TAu tb ksA-Cib,," *ab, t Hd l^ 



Table 70 {c0tumtied), 
DENSITY OF AQUEOUS SOLUTIONS. 
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Weight of the disaolvcd substance in too parts by weight of 


fj 




Snbstuce. 


•AAw W*/SM1 *V1*« 


d 

a 


Authority. 


5 


10 


«5 


so 


as 


ao 


40 


50 


« 

60 


NH4NO1 . . 


. 1.020 


I.O4X 


1.063 
1.146 


1085 


1.107 


1.131 


1.178 


1.229 


1.282 


17.5 


Gerlach. 


Zii(NOs)ii . . 


. 1.048 


I -095 


1.201 


1.263 


1.32;? 
1.178 


1.456 


1.597 


— 


17.5 


Franz. 


Zn(NO,),+6H,C 


) - 


1.054 


- 


1.113 


- 


1.2C0 
1.387 


1.329 


- 


14. 


Oudemans. 


Ca(N08)i . . 
Co(NOs)s . . 


• »037 


1.075 


1.118 


1.162 


1. 211 


1.260 


1.482 


1.604 


17.5 


Gerlach. 


. 1.044 


»093 


IM3 


1.203 


1.263 


1.328 


1.47 1 


- 


- 


»7.5 


Franz. 


Sr(NOs)s . . 


. 1.039 


1.083 


1.129 


1.179 


— 


- 


— 


- 


— 


19-5 


Kremers. 


Pb(NO,)i . . 


. 1. 043 


1.09X 


1143 


1.199 


1.262 


1-332 


- 


- 


- 


17-5 


Gerlach. 


Cd}N03)s . . 


. 1.052 


1.097 


1.150 


1.212 


1.283 


«-3SS 
1.318 


1-536 
1.465 


1.759 


- 


17.5 


Franz. 


Co(N08)i . . 


. 1045 


1.090 


1-137 


1.192 


1.252 


- 


— 


17-5 


<t 


Ni(NOs)8 - . 


. 1.045 


1.090 


»-i37 


1.192 


1.252 


1.318 


1.465 


^« 


- 


17.5 


u 


Fe,(NO,). . . 

Mg(N08),+6H,C 

Mn(N08h-f6HjC 


. 1.030 


1.076 


1.117 


1. 160 


1.210 


1. 261 


1-373 


1.496 


1.657 


17.5 


u 


) I.0I5 


1.038 


1.060 


I.0S2 


1.105 
1.138 


1.129 


1.179 


1.232 




21 


Schiff. 


) 1.025 


1.052 


1.079 


1.108 


1.169 


1.235 


1.307 


1.386 


8 


Oudemans. 


lvs^^8 • • • < 


. 1.044 


1.092 


1.141 


1.192 


1.245 


1.300 


1.417 


1.543 


- 


15 


Gerlach. 


KfCOa + 2HaO 


. 1.037 


1.072 


1.110 


I.I 50 


1. 191 


»-233 


1.320 


1.415 


1.511 


^S- 


i< 


Na,COsioHtO 


. I.OI9 


1.038 


1.057 
1.0^4 
1.150 


1.077 


1.098 


1. 118 


— 


— 


- 


15. 


M 


(NH4)«S04 . 
Fe,(S04)» . . 


, 1.027 
. 1.045 


1.055 
1.096 


1.113 
1.207 


1.142 
1.270 


1.170 
'-336 


1.226 
1.489 


1.287 


.^ 


\l 


Schiff. 


FcS04 + 7HaO . 


. 1.025 


'•053 


1.081 


I. HI 


I.I4I 


I'llZ 


1.238 


— 


— 


17.2 


Schiff. 


MgS04 . . . 


. I.05I 


1.104 


1.161 


1.221 


1.284 




— 


- 


- 


15 


Gerlach. 


MgS0+7H,0 . 


. 1.025 


1.050 


1.075 


I.IOI 


1.129 


1.155 


1.215 


1.278 


— 


15. 


i« 


Na4So4 -f loHaO 


1. 01 9 


1.0^9 
1.064 


1.050 
1.098 


1.081 


1.102 


1.124 


— 


— 


— 


^5- 


M 


CuS04 + 5HaO . 


1. 03 1 


II34 


I-I73 


1.213 


- 


- 


- 


18. 


Schiff. 


MnS04 + 4H90 . 


I.O3I 


1.064 


1.099 


^•'35 


1.174 


1.214 


'-303 


1-398 


- 


15- 


Gerlach. 


ZnS04+7HsO . 


1.027 


1.057 


1.089 


1.122 


1.156 


1.191 


1.269 


»-35i 


1-443 


20.5 


Schiff. 


Fes(SO)s+KaSO^ 
























+24H2O. . . 


1.026 


1.045 


1.066 


1.088 


1. 112 


1.141 


— 


— 


— 


*7-5 


Franz. 


Cr,(SO)8+KtSO^ 
























+ 24HJO . . 


I.OI6 


^'OZ^ 


1.051 


1-073 


1.099 


1.126 


1.188 


1.287 


1.454 


17-5 


(1 


MgS04 -f K,S04 
























+ 6HaO . . . 


1.032 


X.066 


l.IOl 


1.138 


-> 


- 


- 


- 


— 


»5- 


Schiff. 


(NH4)2S04 + 
























FCSO4 -f 6H2O 
K|Cr04 • • • • 


1.028 
1.039 


1.058 
1.082 


1.090 
1. 127 


1.122 
1.174 


1.154 
1.225 


1.191 
1.279 


1-397 


^ 




19- 
195 


M 


KsCfsOt • • ■ 


1035 
1.028 


1.071 


1.108 


— 


~ 


-. 


— 


-. 


— 


19.5 


Kremers. 


Fe(Cy)6K4 . . . 


1.059 


1.092 


1.126 


- 


- 


- 


- 


- 


15- 


Schiff. 


Fe(Cy)8K, . . . 


1.025 


I -053 


1.070 


MI3 


■" 


^ 


^ 


^ 


*" 


13 


M 


iHtO . . . . 
sNaOH + AssOfi 


I.O3I 


1.064 


l.IOO 


I-I37 


1.177 


1.220 


1-315 


1.426 


- 


15- 


Gerlach. 
























+ 24HtO . . 
SOg 


1.020 

5 

1.040 


1.042 


1.066 


1.089 


1.114 
30 


1.140 


1.194 

60 
1.564 


80 
1.840 


— 


14. 
15- 


Schiff. 
Brineau. 


xo 


IS 


ao 


40 
1-389 


xoo 


1.084 


1.132 


1.179 


1.277 


.. 


SO, 


I.013 


1.028 


I.04S 


1.063 






- 


- 


— 


4. 


Schiff. 


NaO, 


«033 


1.069 


1.104 


1. 141 


1.217 


1.294 


1.422 


1.506 


— 


15. 


Kolb. 


C4Hf08 . . • . 


1.02 1 


1.047 
1.038 


1.070 


1.096 


1.150 


1.207 


— 


- 


- 


>S- 


Gerlach. 


C^HsOt . . . . 


1. 01 8 


1.058 


1.079 


1.123 


1.170 


1.273 


— 


- 


15- 


M 


Cane sugar . . . 


X.019 


1.039 


1.060 


1.082 


1. 129 


1.178 


1.289 


- 


— 


175 


M 


Ha 


1.025 


1.050 


I-07S 


l.IOI 


1.151 


1.200 


- 


— 


- 


'5- 


Kolb. 


HBr 


1035 


1073 


1. 114 


1.158 


1.257 


1-376 


- 


- 


- 


14. 


Topsoe. 


HI 


1.037 


1.077 


1. 118 


1.165 


1.271 


1.400 


- 


— 


- 


13- 


It 


HaS04 . • • • 


1.032 


1.069 


1.106 


1.145 


1.223 


'•307 


1.501 


1.732 


1.838 


'5- 


Kolb. 


HaSiFlt- . . . 


1.040 


1.0S2 


1.127 


1.174 


1-273 


- 


— 


— 


— 


17-5 


Stolba. 


PaOj 


I'O^^ 


1.077 
1.057 


1.119 
1.086 


1.167 
1.119 


1.271 
1.188 


1-385 
1.264 


1.676 
1.438 


^ 


^ 


'75 
'5- 


Hager. 
Schiff. 


P«Ot + 3HaO. . 


1.027 


.- 


— 


HNO. . . . . 


1.028 


1.056 
1.014 


1.088 


1.119 
1.028 


1.1S4 


1.250 
1.052 


'•373 
1.26! 


1-459 
1.075 


1.528 

1.055 


15- 
»5- 


Kolb. 


CaH40a . . > . 

1 


1.007 


1.021 


1.041 


Oudemans. 
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Table 71. 

DENSITY OF PURE WATER FREE FROM AIR. 

[Under standard pnMore (76 cm), at every tenth part of a degree of the international hydrogen icals from oP to 41^ 

C, in grama per miUiliter '] 



Dt- 




Tntlwaf DtgziMi 




cnM 

Citnti- 






1 


SIfto- 






















gxade. 






1 


s 


S 


4 


6 


• 


7 


• 


9 




0.999 8681 


8747 


8812 


8875 
9408 


8936 


8996 


9053 


9109 


9163 


9216 


4-59 


I 


9267 


93'5 


9363 


9452 


9494 


9534 


P^ 


9^1° 


9645 


•+•41 


2 


9679 


97" 


974» 


9769 


9796 


9821 


^a 


9887 


9905 


fs 


3 


9922 


9937 


9951 


9962 


9973 
•9986 


9981 


9988 


9994 


9998 


*O0OO 


+ 2 


4 


1.0000000 


♦9999 


♦9996 


♦9992 


♦9979 


♦9970 


*99t)0 


♦9947 


*9934 


— 8 


1 


0.999 9919 


9902 


9884 


9864 


9842 


9819 


8994 


9769 


9742 


9713 


— 24 


9682 
0296 
§764 


9650 
9249 
8703 


9617 
9201 


9582 
9>5i 


9545 
9100 


9507 
9048 


0427 
8938 


9385 


mi 


— 39 


8641 


7^63 


8512 


8445 


8577 
7622 


8308 


8237 


8165 


9 


8091 


8017 


7940 


7784 


7704 


7539 


7455 


7369 


— 81 


10 


7282 


7194 


7105 


7014 


6921 


6826 


6729 


6632 
5586 


6533 


6432 


""^5 


II 


6331 


6228 


6124 


6020 


5913 


5805 


5696 


5474 


5362 


—108 

■ 


12 


5248 


5132 


5016 


4898 


4780 


4660 


4538 


4415 


4291 
2986 


4166 


—121 


13 


4040 


3912 


3784 


3654 
2289 


3523 


3391 


3257 


3122 


2850 


-»33 


14 


2712 


2572 


2431 


2147 


2003 


1858 


1711 


1564 


1416 


—145 


IS 


1266 


1114 


0962 


0809 


0655 
9048 


t^^ 


0343 


0185 


0026 


•0865 
8202 




16 


0.998 9705 
8029 


9542 


9378 


9214 


8713 


8544 


'dl 


\l 


^M 


7681 


im 


7328 


7150 


6971 


6791 


6427 


-178 


6244 


6058 


5873 


5498 


5309 


SI 10 


4927 


4735 


4541 


-190 


»9 


4347 


4152 


39S5 


3757 


3558 


3358 


3>58 


2955 


2752 


2549 


—200 


20 


2343 


2137 


1930 


1722 


1511 


• 1301 


1090 


0878 


0663 


0449 


—211 


21 


0233 


0016 


♦9799 


♦9580 


♦9359 


*9i39 


♦8917 


♦8694 


♦8470 


•8245 
5938 


—221 


22 


0.997 8019 


7792 


7564 


7335 
4988 


7104 


6873 
4500 


6641 


6408 


6173 


—232 


23 


572? 


5466 


5227 


4747 


4264 


4021 


3777 


353J 


— ^242 


24 


3286 


3039 


2790 


2541 


2291 


2040 


1788 


'535 


1280 


1026 


—252 


II 


.?770 


0513 


02SS 


*9997 


♦9736 
7087 


♦9476 


♦9214 


♦8951 


♦8688 


♦8423 
5726 


—261 


a9968i58 


7892 


7624 


7356 
4620 


6817 


6545 


6273 


6000 


"^V 


27 


54SI 


5176 


4898 


4342 


4062 


3782 


3500 
0637 
7684 


3218 


2935 


—280 


28 


2652 


2366 


20S0 


1793 


1505 


1217 


0928 


0346 


00-53 
7083 


—280 


29 


0.995 9761 


9466 


9171 


8876 


8579 


8282 


7983 


7383 


—198 


30 


6780 


6478 


6174 


5869 


5564 


5258 


49SO 


4642 


4334 


^2!^ 


—307 


31 


3714 


3401 


3089 


2776 


2462 


2147 


J?32 


1515 


1198 


0880 


-315 


32 


0561 


0241 


•9920 


6338 


♦9276 


♦8954 


♦8630 


♦8304 


U'l 


♦7653 


—324 


i 33 


0.994 7325 


6997 


6668 


6007 


5676 


5345 
1978 


55" 


4343 


—332 


34 


4007 


3671 


3335 


2997 


2659 


2318 


1638 


1296 


0953 


—340 


^ 


0610 


0267 


♦9922 


♦9576 


♦9230 


♦8883 


♦8534 


♦8186 


♦7837 


♦7486 


—347 


0.99371:6 
3585 


6784 


6432 


6078 


5725 


5369 


5014 


4658 


4301 

0091 


3943 
0326 
6636 


—355 


37 


3226 


2866 


i5°5 


2144 


1782 


1419 


73^ 




38 


0.9929960 


9593 


9227 


8859 


8490 


8120 


775« 


7008 


—370 


39 


6263 




5516 


5140 


4765 


4389 


4011 


3634 


3255 


2876 


—377 


40 


• liV 


2116 


1734 


1352 


0971 


0587 


0203 


•9818 


*9433 


•9047 


-384 


41 


0.991 8661 























* According to P. Cbappnia, Bunaa i 
Smithsonian Tablks. 



daa Poida eC Mcsarat, Travaox at Mdmouei, 13; t^oy. 



Table 72. 
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VOLUME IN CUBIO CENTIMETERS AT VARIOUS TEMPERATURES OF 

A CUBIC CENTIMETER OF WATER FREE FROM AIR AT THE 

TEMPERATURE OF MAXIMUM DENSITY. 

HyAfocn TktnMnMtif Soalt. 



^Terop. 
C. 




I 

2 

3 
4 



7 
8 



10 

II 

12 

13 
>4 

1$ 
i6 

'7 
I i8 

>9 

20 
> 21 

I 23 

H 
I 2 

. 21 

I 27 
28 

29 

' 30 
31 
32 

33 
34 

35 



.0 



1.000132 

073 
032 

ooS 

000 

008 
032 
070 
124 
xgi 

272 

367 
476 

596 
729 

873 
1.001031 

378 
568 

769 

981 

1.002203 

438 
679 

932 
1.00319s 

467 

749 
X. 00404 1 

I 

1.005296 
631 

975 



.X 



III 

069 
029 
006 
000 



010 
03s 

075 
130 

198 
281 

487 
609 

743 

890 
047 
216 

396 
588 

790 

002* 
226 

459 

704 

958 
221 

495 
776 
069 

682 

001* 

28 



s 



5 
009* 



118 



005 
000 

012 
039 



206 



388 

499 
623 

757 

905 
063 

233 
41 



811 

024* 

249 

483 
729 



% 



98 

806 
100 

403 
713 
033* 

044* 



•3 


■4 


112 


106 


059 


055 


023 


020 


004 


003 


001 


001 


014 


016 


042 


046 


08s 


090 


142 


149 


214 


222 


290 


308 


390 


409 


^36 


649 


772 


786 


920 


935 


080 


097 


252 


269 


ni 


452 


646 


832 

046» 


% 


271 


295 


507 


532 


754 


779 


010* 


036* 


275 


302 


1^6 


m 


129 


160 


432 


464 


744 


777 


o66* 


098* 


395 


^;z 


732 


768 


078* 


ii5» 



100 

018 

002 

002 

018 
050 

095 
156 

230 



.6 



3^7 
420 

it 

800 



.951 

287 

471 
667 

874 
091* 

319 
804 

061* 
130 



494 
808 

132* 
461 

802 
150* 



095 
047 

016 

001 

003 

021 

054 

lOI 

162 
238 

327 
430 



815 

967 
130 

305 
400 

687 

895 
113* 
342 
81 

29 



I 



o88* 
357 

635 
922 

220 

26 

40 
i63» 
496 
836 

185* 



089 

043 

013 
001 

004 

023 
058 
106 
169 
246 

337 
441 



830 

983 
147 

323 
510 
707 

916 

135* 

384 
605 

854 
"5* 

663 

951 

250 

557 
872 . 

197* 

219* 



.8 



084 

039 
on 

000 

005 

026 
062 
112 
176 

254 

347 
453 
571 
02 

44 



I 



998 
164 

341 

728 

158* 

89 
29 

879 

141* 
412 

280 

588 
904 
229* 
562 

904 

255* 



079 

035 ! 
009 ; 

000 i 

°07 ; 

029 : 

066 I 

118 I 

184 ! 

263 ! 

357 ■ 
464 1 

584 

859 1 

182 I 

548 
748 

960 

i8i* 

412 

654 

905 

168* 

439 

720 

on* 
310 

619 

936 
263» 

597 
940 

290* 



Redprocali of the preceding table. 



^tTMMIIIAN TASLCa. 
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DENSITY AND VOLUME OP WATER. 

The mass of one cubic centimeter at 4^ C. is taken as imitj. 



Temp. C. 



—100 

—7 
—6 



—5 

—4 

—3 

— 2 

— I 

+0 

I 

2 

3 
4 

5 
6 



I 



10 

II 
12 

>3 
14 

15 

16 

\l 

20 

21 
22 

23 
24 

25 

26 



29 

30 

31 
32 
33 
34 



Density. 



0.99815 

843 
869 

892 

912 

0-99930 
945 
958 

970 
979 

0.99987 

993 
997 
999 

I.OOOOO 

0.99999 

997 



981 

0.99973 

963 
952 

940 
927 




0.99823 
802 
780 

757 
733 

0.99708 
682 

627 
598 

0.99568 

506 

473 
440 



Votoine. 



I.OO186 
>57 

108 
088 

1.00070 

055 
042 

03« 
021 

1.00013 
007 
003 
001 

1.00000 

1.00001 
003 

007 
012 
019 

1.00027 

037 
048 
060 

073 

1.00087 

»03 
120 

138 

'57 

1.00177 
198 
220 
244 
268 

1.00293 
320 

347 
375 
404 

1.00434 
465 

497 
530 
563 



Temp. C 






+350 
36 



39 

40 

4* 
42 

43 
44 

45 

46 

% 
49 

50 

5' 
52 
53 
54 

55 

60 

65 
70 

75 

80 

85 
90 

95 
100 

110 

120 
130 
140 
150 

160 

170 
180 
190 
200 

210 

220 
230 
240 
250 



Deniity. 



a994o6 

37" 
336 
300 

263 

a9922S 

187 

147 
107 

066 




o 



o. 
a 



852 

0.98807 
762 

715 
621 

0.98573 

324 
059 

0.97781 
489 

0.97183 
0.96865 

53* 
192 

a95838 

0.9510 

•9434 
•9352 
.9264 

•9173 




0.850 

.837 
.823 

.809 
•794 



Volume. 



-y 



1.00^98 

1 

706 
743 

1.00782 
821 
861 
901 

943 



1.0098 c 

1. 01028 

072 

116 

162 

1.01207 

254 
301 



1.01448 
705 

979 
1.02270 

576 

1.02899 
1.03237 

590 
959 

104343 

i.o|i5 
1.0601 
1.0693 
1.0794 
1.0902 

1.1019 
1.1145 
1.1279 
1. 1429 
1.1590 

1.177 
1.195 
1.21C 
1*230 
I.2S9 



* From — 10^ to o^ the values are doe to means from Pierre, Weidner, and 
Rosetti ; (rem o^ to 41^, to Chappuis, 4a*' to 100^, to Thiesen; 110^ to 350^, to 
means from the works of Ramsey, Young, Waterston, and Him. 

Smithsonian Taslks. 



Tabuc 74. 

DENSITY OF MERCURY. 

Density or mass in grains per cubic centimeter, and the volume in cubic 

centimeters of one gram of mercury. 
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Mass in 


Volume of 




Ma»in 


Voluoieof 


XCIDp*C« 


grams per 


s gram in 




gnmsper 


1 gram in 




cu. cm. 






cu. cm. 


cu. cms. 




13.6202 
6177 
6152 


0.0734205 
4338 
4472 


OOP 

31 
32 


13-5217 


0.0739552 
9819 


—7 


6128 


4606 


33 


5»44 


9953 
400^7 


—6 


6103 


4739 


34 


5119 


—5 


13.6078 


0.0734873 
5006 
5140 


35 


13.5095 


0.0740221 


—4 
—3 


6053 
6029 


36 


5070 
5046 


^ 


— 2 


6004 


5273 


38 


5021 


0622 


—1 


5979 


5407 


39 


4997 


0756 





13.595s 


0^35540 


40 


13-4973 


ao74o89o 


I 
2 


5930 
5856 


S 


^72? 
4486 


2230 
3572 


3 

4 


5941 
6075 


^ 


4243 
4001 


0262 


5 


"3.583I 


0.0736208 


90 


13.3776 


0.0747611 


6 


5807 


6342 


100 


3518 


8961 


I 


5782 


6476 


no 


3283 


50285 


5757 


6609 


120 


3044 


1633 
2^2 


9 


5733 


6743 


130 


2805 


10 


13.5708 


0.0736877 


140 


13-2567 


0.07543' 4 


II 


5683 


7010 


X 


2330 


12 


5659 


7144 
7278 


^l 


^044 
8402 


13 


5634 


170 


14 


5610 


741 1 


180 


1620 


9764 


15 


13.5585 


0.0737545 
7679 


190 


13-1384 


ao76ii28 


16 


5560 


200 


1148 


2495 


'Z 


5536 


7812 


210 


0443 


3865 


18 
19 


55" 
5487 


^ 


220 
230 


l^?l 


20 


13.5462 


0.0738213 


240 


13.0209 


0.0767996 
9381 


' 21 


5438 


1^7 


2 CO 

260 


12.9975 


22 


5413 


8481 


9741 


70769 


23 


5389 


8615 
8748 


270 


9507 


2161 


24 


5364 


280 


9273 


3558 


25 


13.5340 


0.0738882 


290 


12.Q039 


ao7749g 


26 


5315 


9016 


300 


8806 


27 


5291 


9iqO 
9284 


310 


8572 


7774 


28 


5266 


320 


8339 


o^i^ 


29 


5242 


9417 


330 


8105 


80609 


30 


13-5217 


O.O73955X 


340 


12.7872 


0.0782033 
3404 








^^ 


7638 


. . 






7405 


4900 



Thiesen nnd Scheel, Tatigkeitber. Phyt.-Techn. Reichsanstalt, 1897-1898; Ctmpgma, 
Ttzr. Bor. Int. 13, 1903. 
Thiesen, Scbeel, Sell; WIm. Abh. Ph7t.-Tecfaii. Rddbflmttalt a, p. 184, 189$. 

•nrrNaoiiiaii Tablis. 



gS Tabu 7B. 

DENSITIES OF MIXTURES OF ETHYL ALCOHOL AND WATER IN 



mmiTMintitm TavLEB. 



Tablk 75 {camiMMiJ), gg 



attm 


I HP 






PER MILLILITER 


■ 














TcippofMlurB. 








ft"^ 


iqOC. 


15® C. 


wPC. 


tjoc 


360 C. 


SS^'C. 


40° C. 


f 


0.92162 


a9i776 


0.91384 


0.90985 


0.90580 


O.QOI68 

.89940 


0.89750 


1 L 


^^^ 


•91943 


555 


160 


760 


353 


1^ 


f — 1* 


723 


333 


•90936 


534 


iJ989^ 


710 


R 


502 


no 


711 


307 


47? 
248 


«256 


. 1 V 


279 


.90885 


485 


079 


667 


.88823 


^^^9 


055 


659 


258 


^{9850 


437 


016 


589 




.90831 


433 


031 


621 


206 


.88784 


356 


ftr 


607 


207 


.89803 


392 


.88975 


552 


122 


^^^^ 


381 


.89980 


574 


162 


744 


319 


.87888 


^Bl 
^^*^ 


»S4 


752 


344 


.88931 


512 


085 


653 




.89927 


523 


««Iil3 


699 


278 


.87851 


^l^ 


698 


293 


.88882 


466 


044 


615 


180 


468 


062 


650 


« ^33 


.87809 


379 


.86943 


1 ^3 


237 


.88830 


417 


.879^ 


574 


142 


5^ 


164 


006 


597 


183 


763 


337 


.86905 


J^ 


.88774 


364 


.87948 


527 


100 


667 


227 


541 


130 


713 


291 


.86S63 


429 


.85987 


■ ^ 


308 


.87895 


477 


054 


^25 


190 


747 


1 ^ 


074 


660 


241 


.86817 


fi 


.85950 


S57 


1 ^ 


.87839 


424 


004 


579 


710 


266 


1 ^ 


602 


'^7 


.86766 


340 


.85908 


470 


025 


I 71 


36s 


.86949 


527 


100 


667 


228 


.84783 


■ ^^ 


« '^7 


710 


287 


^in 


426 


.84986 


540 


J 73 


.86888 


470 


« S47 


184 


743 


297 


4 74 


648 


229 


.85806 


376 


.84941 


500 


053 


1 7^ 


408 


.85988 


564 


« 134 


698 


257 


.83809 


168 


747 


322 


.84891 


455 


.8376^ 


564 


fl 77 


.85927 


505 


« 279 


647 


211 


319 


1 78 


68s 


262 


.84835 


403 
158 


.83966 


523 


274 


4 79 


442 


018 


590 


720 


277 


.82827 


■ 80 


197 


.84772 


344 


.83911 


473 


029 


578 


'fl 81 


.84950 


525 


0^ 


664 


224 


.82780 


329 


-S 82 


702 


277 
028 


.83848 


415 


.82974 


530 


«272 


.'H 83 


453 


^ 


164 


724 


279 


.81828 


9 ^ 


203 


•83777 


.82913 


473 


027 


576 


1 t^ 


•83951 


525 


095 


660 


220 


.81774 


322 


697 


271 


.82840 


148 


.81965 


519 


067 


I ^^ 


441 


014 


583 


708 


262 


.80811 




181 


.82754 


323 


.81888 


448 


003 


552 


1 ^ 


•82919 


492 


062 


.626 


186 


.80742 


291 


1 ^ 


% 


227 


.81797 


362 


.80922 


478 


028 


p 91 


•"III 


529 


2^4 


^ 


211 


.79761 


F 9^ 


114 


.80^3 . 


.80823 


•79941 


491 


93 


.81839 
561 


413 


549 


III 


669 


220 


1 94 

1 


134 


705 


272 


.79835 


393 


.78947 




P 


278 


.8o8i;2 


424 


•79991 


555 


114 


670 




.80991 


138 


706 


271 


.78831 


388 




^ 


698 


274 


.79846 


415 


.78981 


542 


100 




399 


.79975 


547 


«"7 


684 


247 


.77806 




99 


094 


670 


243 


.78814 


,382 


.77946 


507 




100 


.79784 


360 


•78934 


506 


075 


641 


203 



8iini4aoNiAii Tables. 
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lOO Tmli 70. 

DENSITIES or AQUEOUS MIXTURES OP METHYL ALCOHOL. 



T«LE 77. 
VELOCITY OF SOUND IN SOLIDS. 



I02 



Tablc 78. 
VELOCITY OF 80UND IN LIQUIDS AND CASES. 

, and y tba »do of 



For guei, the velocity of tound = Vyp/p, where P it the preMore, p the 
constant pressure to that at constant ▼olume (tee Table a6s). 







Velocity in 


Velodtyin 




Snbstanoe. 


Ttmp. C. 


meters per 
second. 


feet per 
second. 




Liquids : Alcohol, 95% 



12.5 


1 241. 


4072. 


Dorsing, 1908. 


• • 






20.5 


1213. 


3980. 


M 


Ammonia, cone. 






16. 


1663. 
I166. 


5456. 


M 


Benzol 






17. 


3826. 


«< 


Carbon bisulphide 






IS- 


I161. 


3809. 


M 


Chloroform . 






IS- 


983- 


3225. 


M 


Ether . 






«s- 


1032. 


3385. 
4823. 


M 


NaCl, 10% sol. 






IS- 


1470. 


M 


** 15% " 






IS- 


1530. 


502a 


« 


" 20% " 






IS- 


1650. 


5414. 


<« 


Turpentine oil 






IS- 


1326. 


4351- 


M 


Water, air-free 






13- 


1441. 


4728. 


M 


ti ti t4 






19. 


1 461. 


4794. 


M 


It (« i< 






31- 


1505- 


4938. 


U 


" Lake Geneva . 




9- 


I43S- 


4708. 


Colladon-Stonn. 


** Seine river 




IS- 


1437^ 


4714. 


Wertheim. 


f< «i «i 




0. 


1528. 


5013. 


«i 


l< (1 4< 

Gases : Air, dry, C02-free 






1724. 
33178 


1088.5 


Rowland. 


U !• 






0. 


33^-3^ 


1 087. 1 


Violle, 1900, 


" " COjrfree 






0. 


33>-92 


1089.0 
1088. 


Thiesen, 1908. 


" I atmosphere 






0. 


331.7 


Mean. 


u 25 






0. 


332.0 


1089. 


•• (AVitkowi 


.« ^0 






0. 


3347 


1098. 


M M 


" ICO 






0. 


350.6 


1 1 50. 


<C M 


«l 

• • • 






20. 


344. 


1 129. 




(t 

• • • 






100. 


386. 


1266. 


Stevens, 


•« 

• • • 4 






500. 


553- 


1814. 


(4 


ti 

• • • 






1000. 


700. 


2297. 


M 


Ammonia 






0. 


415- 


1361. 


Masson. 


Carbon monoxide . 






0. 


3371 


1 106. 


Wullner. 


«t «( 






0. 


337.4 


1 107. 


Dulong. 


** dioxide 






a 


258.0 


846. 


Brockendahl, I9( 


" disulphide . 






0. 


189. 


620 / 


Masson. 


Chlorine . 






0. 


206.4 


677. 


MartinL 


t« 

> • < 






0. 


205.3 


674. 


Strecker. 


Ethylene . 






0. 


3U. 


1030. 


Dulong. 


Hydrogen 






0. 


1269.5 


4165. 


44 


• • 1 






0. 


1286.4 


4221. 


Zoch. 


Illuminating gas 






0. 


490.4 


1609. 


41 


Methane . 






0. 


432. 


1417. 


Masson. 


Nitric oxide . 






0. 


325- 


1066. 


«4 


Nitrous oxide . 






0. 


2CI.8 


859. 


Dulong. 


Oxygen . 






0. 


317-2 


1^41. 


44 


Vapors: Alcohol 






0. 


230.6 


5^^. 


Masson. 


Ether . 






0. 


179.2 


44 


Water . 






0. 


401. 


i3'5- 


44 

• 


• • 1 






100. 


404.8 


1328. 


Treitz, 1903. 


• • ■ • 


130. 


424.4 


1392. 


41 



NoTB : The values from Ammonia to Methane inclusive are for closed tubes, 
Smithsonian Tables. 
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MUBICAL SCALES. 

Tht phdi icUdaoi bMwetn two nous may ba upnucd pRdaaly li) by Uk ntio oF their vlbratloo iRqacnck*; 
by the numbs of cqiaUy-umpcnd Kmitoaei beLnnaa tlHm (E. S.); ilu, len convcaicDtljr, (t) t^ ll» comnuia 
WitluB <rf the nlio la (i); (4} b]r Uh Icngttu of the Iwo poRioDS of the Leme Kring vhidi mU fumiih tbe mtelt 

■1 lot (1); Uw Dumber (« (>) b Dtuly 40 limn thai lor d), 

Tsbk n (ivaa data foi tbe oiddk (Kt*n, IncludiBti vlbntian It , _._ 

bntiou pa accond. h tbc intcnialloiul ilaiidard aod wai adapted by the Amni 
D«. Tbe jmtHliataQic ■eale"Bf C-nujor it iwulLy deduced, lolLoiriDg CbLadoi, 



or tbnc itaadarda of rHtcb;0^4J5d( 



i ' 



t 



i 



tba cqninkBt ntla and tbcit Tilva In E. S. ue gma In T>bk So. Br tnni 
Itloao; E> : 15 theacakof A-oiBor b obtained, wbkb i^vei wicb that of C-EDajor 
IBC ntim an obtained ftDm & laiiea of hitmoDic* beginning with tbe ^htb; a 



mtnctin* intervab eipnaed in 

rmoccMvc tiuupaeilkKU by Sf 
<uv E. S., tbc table civea tbe : 
■in tbat differ by a comni, a.i 
1T4A>- TIh till lie bav* been chv 



i. The notea needed to furniab 

' - > ihowo Id Table So 

■cUva lequired in tbe 

e"D>euti»e'-i>b> 

. io Ellia' Helmholti'i 

TULBTt. 



._e um'^ 
bued « 



log D to the left and ibIdb Ibt 
[)ttbalD = 36i/j. Nearlylbe 

"■'"" made by addiiu- --■* 





lUBmL 


Rallot. 


Lojarith-a. 


Nnm^ofVib-tic-peraeeoDd. 


Beat* 




Tan- 

pered. 


J.M. 


Jon. 


p^ 


Jnat 


SS. 


Jo«. 


Jut 


Jut 


JS. 


E.S. 




E.S. 


K. S. 




















e* 






Ix» 


1^3926 


O.O0W 


.02509 


Jj6 


^ 


VS.7 


«».7 
274.0 


1.50 






ixn 


i.i»S 




■oS"S 


95017 




W7 


291.0 


390.3 

307.6 






3 










37526 












4 




1*5 


l.!S99:f 


.09691 


10034 


320 


1<" 


3!3-4 


325.9 










'■33 




.12494 


"S41 


341-3 


ISJ 


344-9 


3*5-^ 




r 


7.0J 


1.50 


i.4[42i 
1.49B3' 


.17609 


I75|o 


384 


396 


388 


fU 


Z.2S 


ar 


9 






.22,8s 


2^577 
150R6 


4!6,7 


440 


43i> 


JS 


2.52 


V 






1J*7S 


1^775 






4S0 


13 


48S.0 


48S.1 


2.83 




i» 


' 




2X>0000 


.30103 


30" 03 


S12 


517.3 


W.3 


3.00 



ACCELERATION OF QRAVITY. 



Table 82. 
GRAVITY. 
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i tlus table the renhs of e number of graTity determinatioos are brought together. They lenre to show the degree of 
aocnracy which may be amnmed for the nombers in Table 8i. In general, gravity is a little lower than the calculated 
-value for stations far inland and slightly higher on the coast line. 



Place. 



Singapore 

Georgetown, Ascension . 
Gxeen Mountain, Ascension 
Loanda, Angola . . . 
Caroline Islands . . . 
Bridgetown, Barbadoes 
Jamestown, St. Helena 
Longwood, ** 

Pakaoao, Sandwich Islands 
Lahaina, " *' 

Haiki, •• 

Honolulu, ** 
St. Georges, Bermuda 
Sidney, Australia . . 
Cape Town .... 
Toikio, Japan .... 
Auckland, New Zealand 
Mount Hamilton, Cal. (Lick Obs. 



M 



it 



San Francisco, CaL 



M 



Washington, D. C* 
Denver, Colo. . . . 
York. Pa. . . . . 
Ebensburgh, Pa. . . 
Allegheny, Pa. . . 
Hoboken, N. J. . . 
Salt Lake City, Utah 
Chicago, 111. . . . 
Pampaluna, Spain . 
Montreal, Caiuula . 
Geneva* Switzerland 



M 



Znrich, ** 

Piaris, France . . . • 
Kew* England . . . 
Berlin, Germany . . • 
Port Simpson, B. C. . 
Burroughs Bay, Alaska 
Wrang^ " 

Sitka, " 

St. Paul's Ishmd, " 
Juneau, ** 

Wramid Harbor, ** 
Yakutat Bay, ** 



Latitude. 

N. -f I S. - 



I*> 17' 



— 7 56 

"l 57 

-8 49 

— 10 00 

13 04 



Elevation 
in meters. 



14 

686 

46 

2 
18 



»5 


55 


ID 


»5 


57 


533 


20 


43 


3001 


20 


5? 


3 


20 


55 


"7 


21 


18 


3 


32 


23 


2 


33 


5? 


43 


33 


56 


II 


11 


41 


6 


52 


53 


37 


20 


1282 


37 


20 


1282 


37 


47 


114 


37 


47 


114 


3» 


53 


ID 


39 


H 


1645 


39 


58 


122 


40 


H 


651 


40 


28 


348 


40 


44 


II 


40 


46 


1288 


41 


49 


165 


42 


49 


450 


:i 


3' 


100 


12 


40s 


46 


12 


405 


46 


57 


572 


47 


23 


466 


48 


5? 


67 


5> 


28 


7 


52 


30 


4? 


54 


34 


6 


11 


II 




I 


57 


03 


57 


07 


12 


5« 


18 


5 


59 


10 


5 


59 


32 


4 



r^ .^ cm. 
G^vity. ^ 



Observed. 



978X)8 
978.25 
978.10 
978.15 

978.37 
978.18 
978.67 

97?- 53 
978.28 

978.86 

978.91 

978.97 

97977 
979.68 

979.62 

979-95 
979.68 

979.66 

979.68 

979.96 
980.02 
980.11 
979.68 
980.12 
980.08 
980.09 
980.27 
979.82 

980.34 
980.34 

980.73 
980.58 

980.60 
980.61 
980.67 
980.96 
981.20 
981.26 
981.46 
981.51 
981.60 
981.69 
981.67 

981.74 
981.82 

981.83 



Reduced to 
sea level. 



978.08 
978.25 
978.23 
978.16 

978.37 
978.18 
978.67 

978.59 
1.85 

978.86 



978. 



978.93 
978.97 

979-77 
979.69 

979.62 

979-95 
979-69 

979-91 
979.92 

979.98 
980.04 

980.11 

979.98 

980.14 

980.20 

980.15 

980.27 

980.05 

980.37 

980.42 

980.75 
980.64 

980.66 

980.69 

980.74 

980.97 
981.20 
981.27 
981.46 
981.51 
981.60 
981.69 
981.67 
981.74 
981.82 
981.83 



Refer- 
ence. 



I 

2 
2 
2 

3 

2 

2 
2 

3 
3 
3 

3 

2 

I 

2 
I 
I 

4 
5 
4 
5 
4 

6 
6 

4 
5 
5 
7 

J 

9 
9 

t 

8 
8 

4 
4 

4 
4 

4 

4 
4 



1 Smith ! ** United States Coast and Geodetic Survey Report for 1884," App. 14. 

2 Preston : " United Sutes Coast and Geodetic Survey Report for 1890^" App. 12. 

3 Preston : Ibid. 1^8, App. 14. 

4 Mendenhall : Ibid. 1891, App. 15. 

5 Defforges : ** Comptes Rendus," vol. 118, p. 231. 

6 Pierce : •• U. S. C. and G. S. Rep. 1883/* App. 19. 

7 Cebrian and Lot Arcos: ** Comptes Kendus des Stances de la Commission Perma- 

nente de I'Assodation G^odesique International/* 1893. 

8 Pierce: *• U. S. C. and G. S. Report 1876, App. 15, and 1881, App. 17." 

9 Messerschmidt: Same reference as 7. 



J 



1*4. valoM trt derived by comparative experiments with lavar\aib\e pcnAsAtoas, Vlbit '^'oa \m 
IS JI0.SII* For ibt Utter see Appendix 5 ol the Coait and Geodetic Surrti ¥j(^t\. Vai \sfi\. 
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Tablk 83. 



SUMMARY OF RESULTS OF THE VALUE OF GRAVITY (g) AT STATIONI 

IN THE UNITED STATES AND ALASKA.* 



SutioD. 



Calais, Me. . 

Boston, Mass. 

Cambridge, Mass. 

Worcester, Mass. 

New York, N. Y. 

Princeton, N. J. . 

Philadelphia, Pa. 

Ithaca, N. Y. 

Baltimore, Md. . 

Washington, C. & G. S. 

Washington, Smithsonian 

Charlottesville, Va. 

Deer Park, Md. . 

Charleston, S. C. 

Cleveland, Ohio . 

Key West, Fla. . 

Atlanta, Ga. 

Cincinnati, Ohio 

Terre Haute, Ind. 

Chicago, 111. 

Madison, Wis. (Univ. of Wis.) 

New Orleans, La. 

St. Louis, Mo. . 

Little Rock, Ark. 

Kansas City, Mo. 

Galveston, Tex. . 

Austin, Texas (University) 

Austin, Texas (Capitol) 

Ellsworth, Kan. . 

Laredo, Tex. 

Wallace, Kan. 

Colorado Springs, CoL 

Denver, Col. 

Pike's Peak, Col. 

Gunnison, Col. . 

Grand Junction, Col. 

Green River, Utah 

Grand Canyon, Wyo. 

Norris Geyser Basin, Wyo 

Lower Geyser Basin, Wyo 

Pleasant Valley Jet., Utah 

Salt lAke City, Utah . 

Ft Egbert, Eagle, Alaska 



Latitude. 



o f /f 

45 II II 
42 21 
42 22 
42 16 29 
40 48 27 
40 20 57 
39 57 06 
42 27 04 



39 17 
^853 



SO 
>3 



3§ 53 20 

38 02 01 

39 25 02 

32 47 M 
30 22 

33 



41 
24 



3 

33 44 5- 
39 cS 20 

39 28 42 

4» 47 25 

29 56 58 

38 38 03 

34 44 57 

39 05 50 

29 18 12 

30 17 II 
30 16 30 

38 43 43 
27 30 29 

38 54 44 

38 50 44 

39 40 36 
38 50 20 

38 32 33 

39 04 09 

38 59 23 
44 43 >^ 
44 44 09 

44 33 21 

39 SO 47 

40 46 04 

64 47 22 



Loogitiide. 



n 



67 16 54 
71 03 50 
7' 07 45 
71 48 28 

73 57 43 

74 39 » 

75 "I 40 
70 29 00 

76 37 30 

77 00 32 

77 01 32 

78 30 16 

79 19 50 

81 48 25 
84 23 18 
84 25 20 

87 2X 49 

87 30 03 

89 24 00 

90 04 14 

90 12 13 
92 16 24 

94 35 21 
94 47 29 

97 44 14 

97 44 16 

98 13 32 

99 3* " 
01 35 26 
04 49 02 

04 56 55 
oj 02 02 

00 56 02 

08 33 56 
10 09 56 
10 29 44 
10 42 02 

10 48 08 

11 00 46 
II 53 46 
41 12 24 



Etevatkm. 



9 



cm./] 
980.630 

980.39s 
980.397 

& 

980.177 

98at95 

98a 

980U 

98aiii 

98aii3 

979^937 
979-934 

979-545 
98a2io 

978.969 

979^523 
980.003 

980.071 

980.277 

980.364 

979-323 
gSoxxx) 

979.720 

979.989 
979-271 
979-2M 
979.287 

979-W 
979.081 

979^754 

979489 
970.608 

978^53 

979-341 

979.532 

979-635 

979^ 

979-949 

979.931 

979-5" 
979-801 

982.183 



* All the values in this table depend on relative determination of gravity and an adopted value for 
ington (Coast and Geodetic Survey Office) of 980.1 11. This adopted value was the reaolt of the 
1900 of the relative value of gravity at Potadam and at Waabington. See footnote 00 previous psfe. 

Smithsonian Tables. 



ivity at Wai 



Tables 84-86. 
LENGTH OP THE 8ECONDB PENDULUM. 
Ii Fmlalui at Sm L*T«ltor DUtaml Li 





inctnfr 


L«f. 


^?^'- 


Lr,. 


^t 


Lengih 


Lot- 


Lcnrlh in 


Log- 







";°i 


6l2I 




1.5912:8 


SO 


994027 


'■997.198 




'"S5?J 




i 


^151 


a 


^ 


r«^ 


759S 


■%\ 




u 


.130a 






137* 


6s 


•5363 


793S 
8079 


■IS35 


3103 






.■561 


63K1 


■0378 


1485 


7" 






3244 




IS 


9»iS84 


1.996461 


39,0}o6 
.0652 


1.591627 


75 


99.5850 


1.998194 


39.1067 










S^ 


1790 












IS 


.2672 




1972 


ss 


.6206 


833' 


.aifw 


3496 




*> 


.3116 


7000 


■0990 




W 




.1206 


35 "4 




45 


-357' 


7'99 



















io8 



»% 



Tables 86-87. 
MISCELLANEOUS QEODETIC DATA.' 

TAttLB 86. 



Length of the seconds pendulum at sea level = 

/=o.990952[i-|-o.oo5302 sin* 



.000007 sin* 2 ^1 meten, 
=3.25114 f ""14-0.005302 sin* p — 0.000007 sin* 2 ^1 feet 
=39.0137 [ I -f 0.005302 sin* ^ — aooooo7 sin* 2 4>j inchei 



Acceleration produced by gravity per second 
per second mean solar time . = 

^=9.78030(14-0.005302 sin* ^ —0.000007 sin* 2 p) mtttn, 
=32.0875(1+0.005302 sin* ^ — 0.000007 sin* 2 ^) feet 



Equatorial radius =a = 6378206 meters ; 

3963.225 miles. 
Polar semi-diameter = ^ = 0356584 meters ; 

3949.790 miles. 

Reciprocal of flattening = — 7= 295.0 

fl*— ^ 
Square of eccentricity =^*= — 5 — =0.006768658 



rs 6378388 ± 18 meters ; 
^965.339 miles. 
356909 meters; 



5. 

*^ 3949.992 miles. 
^ 297.o±a5 



^ o.oo67237;t<>xxxx>i20 



S 



Difference between geographical and geocentric latitud 

688.2242" sin 2 — 1. 1482" sin 4 -f aoo26" sin 6 f. 

Mean density of the Earth = 5.5247 ^0.0013 (Burgess Phys. Rev. 1902). 

Continental surface density of the Earth = 2.67 ) Hark eaa 

Mean density outer ten miles of earth*s crust = 2.40 ) " * 

Rigidity = ;/ = 8.6 X lo^i C. G. S. units. ) \tJ!!!l\''^^i^''''' f *^ 

Viscosity = ^ =10.9 X low C. G. S. units (comparable to steel) ^ p ^05 ,914 "' 

Moments of inertia of the Earth ; the principal moments being taken as A, B, and C, and 

C the greater : 

C—A ^ I 

— 7; — = 0.00326521 = ^ ^ ^,^ ; 
C -^ -^ 306.259' 

C— A = 0.001064767 /Ca'^ ; 

A = B = 0.325029 A<i* ; 

C'= 0.326094 £tt^ ; 

where £ is the mass of the Earth and a its equatorial semidiameter. 







TABLE 87.-Ltiict]iof DHnMonth^Baztk 


'■Saxfaot. 




■ 




Miles per decree 


Km. per degree | 




Miles per degree 


J 
Km. per oegraA 


At 

Ut. 










At 

Lat. 
























oo 


o( Long. 


of Lat. 


of Long. 


of Lat. 


^' 


of Long. 


of Ut. 


of Long. 


oILat 


69.17 


68.70 


1 1 1.32 


110.57 
110.60 


39-77 


69.17 


64.00 


1 1 1.33 


10 


68.13 


68.72 


lO).64 


34.67 


69.23 
69.28 


55.80 


III43 


20 


65.03 
59.96 


68.79 


104.65 


110.70 


65 


29-32 


47.18 


III.50 


30 


6S.88 


06.49 
85.40 


110.85 


70 


23-73 
17.96 


69.32 


38.19 


III.C7 

111.02 


40 


5306 


68.99 


1 1 1.03 


75 


69.36 


28.90 


45 


49.00 


69.05 


78.85 


III.13 


80 


12.05 


69-39 


«9.39 


I1I47 


50 


44.55 


69.11 


71.70 


III.23 


90 


0.00 


69.41 


0.00 


111.70 



For more complete table see " Smithsonian Geographical Tablet." 
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Table 88. 
MISCELLANEOUS ASTRONOMICAL DATA. 
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Length of sidereal 76^=3365.2563578 mean solar days ; 

=365 days 6 hours 9 minutes 9.314 seconds. 

Length of tropical year=365.242X99870 — 0.0000062124-^^— ^ mean solar days; 



=365 days 5 hours 48 minutes j 46^— 0.53675 — j^~-) seconds. 



Length of sidereal month 



127.321661 162 — 0.009^0026240 days ; 



^-i8so\ 
100 1 



=27 days 7 hours 43 minutes f ^^'$24 — 0.022671 ^^^ ] seconds. 



Length of synodlcal month 



A 1. 1 



100 



') 



= 29. 530588435— 0^)0000030696 — 7^;;— days J 



100 



=29 days 12 hours 44 minutes f 2.841 — ao26522 A seconds. 



Length of sidereal day =386164.09965 mean solar seconds. 






N. B. — The factor containing / in the above equations (the year at which the values of the 
quantities are required) may in all ordinary cases be neglected. 



aoi675io4— aoooooo4i8o (/— 1900) —0.000000126 



Mean distance from earth to sun =92900000 miles = 149500000 kilometers. 
Eccentricity of the earth's orbit == ^ = 

/ /— i9oo\ a 

V 100 ). 

Solar parallax =8.7997''::^ 0.003 (Weinberg, A. N. 165, 1904) ; 

8.807 ^ aoo27 (Hinks, Eros, 7) ; 

^•799 (Samson, Jupiter satellites ; Harvard observations). 

Lunar parallax ss 3422.68''. 

Mean distance from earth to moon s= 60.2669 terrestrial radii ; 

ss 238854 miles; 

B= 384393 kilometers. 

Lonar inequality of the earth = Z = 6.454". 

Parallactic inequality of the moon = g = 124.80". ^ ^ . 

//— i8oo\ 
Mean motion of moon's node m 365.25 days = ;* = — 190 21' 19.6191" + ai4i36" ( — J^J" I 

Eccentricity and inclination of the moon's orbit a=^, «= 0.05490807. 

Delaunay's 7 = sin i /ss ao44886793. 

7=50 08' 43-3546". 
Constant of nutation = 9.2'. 

Constant of aberration = 20.4962" J^ 0.006 (Weinberg, 1. c.).« 
Time taken by light to traverse the mean radius of the earth's orbit 

= 498.82 J. ai seconds (Weinberg) ; 
== 498.64 (Samson). 
Velocity of light = 186330 miles per second (Weinberg) ; 

=, 299870 J- 30 kilometers per second. 
General precession = 50.2564" + 0.000222 (/ — 1900). 
Obliquity of the ecliptic = 23° 27' 8.26" — 0.4684 (/ — 1900). 

Gravitation constant = 666.07 X 10 ^ cm*/gr. sec^ ^ ai6 X lor^. 



* Recent work of Doolittle*i and others indicates a value not leas than aasi. 

SMTN0QMIAH TaBLKB. 



L 



no 



Tables 80-91 ••<- ASTRONOMICAL DATA. 



Body. 


Reciprocals 
of masses. 


Mean disumoe 

from the sun. 

Km. 


Sidereal 

period. 

Mean day* 


Equatorial 

diameter. 

Kn. 


IndiiMrtion 
of orbit 


Mttn 
density. 
H,0-i 


Gravity j 
at sarfaocj 


Sun 


I. 


^^ 


_ 


1391067 


^^^m 


'•39 


1 
27.6 j 


Mercury 


6000000. 


58X I0» 


87.97 


4842 


7**.oo3 


4.86 


.3 


Venus 


40800a 


108 " 


224.70 


12394 


3-393 


5-2 


7-9 


Earth* 


329390. 


I4Q** 


^^ 


".756^ 




552 


1.00 


Mars 


3093500. 


228 •* 


7320 


1^50 


390 


A 


Jupiter 


1047-35 
3501.0 

22869. 


778*- 


4332.59 


145250 


1.308 


% 


2.6 


Saturn 


1426 « 


10759.20 


123040 
48590 


2.492 


1. 01 


Uranus 


2869 •* 


0.773 
1.778 


1.34 


.95 


Neptune 


19700. 
t 81.45 


4495 " 


56040 


1.28 


•97 


Moon 


138 X I0» 


27.32 


3473 


5M7 


3-37 


... 1 



* Earth and moon, t Relative to earth. locUimCioii of aaes : Sun 7^.15 ; Earth a^.45 ; Mars 24<*.6 ; Jupiter jP.t; 
Satttraa6^.8; Neptane 27^.3. Others dottbtfal. 



TaUt 80.— BvnatlflB of Tint. 

The equation of time when + ^s to be added to the apparent solar time to give mean tine. 
When the place is not on a standard meridian (75'th, etc.) its difference in longitude in time 
from that meridian must be subtracted when east, added when west to get standard time (75'th 
meridian time, etc.). The equation varies from year to year cyclically, and the figure following 
the ^ sign gives a rough idea of this variation. 



Jan. I 

15 
Feb. I 

15 
Mar. I 

15 



M. 



S. 



+ 3 26±i4 
+ 9 254: 
+ 13 42zr 
+ 14 20^- 
4-12 34$ 
+ 9 



9 

4 

2 

4 
6 



Apr. I 

15 
May I 

June I 
15 



M. 



S. 



4-4 24: 7 
4-0 8.= 5 
—2 54:iio 

—3 49== I 
— 2 28-- 3 

4-0 8 J 4 



July I 

Aug. I 

^ 15 
Sept. I 

15 



M. S. 



+3 3»=tS 
4-5 42±3 
4-0 9=1=3 
24= =5 
2= =7 



4- 
4-4 

4^ 



—4 4i±9 



Oct. I 

Nov. I 

^ >5 
Dec. I 

»5 



— 10 12-- 

—4 5^; 



■14 
16 



»9= = 



— le 22-.- 



•15 
-10 

4 53: 



—10 58::- 



8 
6 

2 

4 
8 
-10 



TaUo 81. — KiaotUaBMma Aitrenomleal Btttu 
Apex of Solar Motion : 

From proper motions, R. A.mio = 17 5i"», Dec.i8io= 4" 3».4 (Weersma, Gron. Pnbl. 21.) 
From radial velocities, R. A.i9oo= 17*54"', Dec.i9oo = -|- 25.1 (Campbell, Lick. Bull. 196.) 
Velocity = 19.5 Km. per sec. (Campbell.) 

Nearest star so far as known : a Centauri, parallax »= 0.759'' (Gron. Publ. 24) distance = 4.3 
light years. 

Stars of both greatest proper motion and greatest radial velocity so far as known :• Cordoviw 
V243; proper motion = 8.70" in position angle 130® radial velocity-)- 242 Km. per sec. (Camp* 
bell, Stellar Motions, 1913). Parallax = 0.319" (Gron. Publ. 24, also proper motion). Distance ^* 
10.2 light years. 

Average velocities with regard to center of gravity of the stellar system, according to Camp- 
bell (Stellar Motion, 1913) : 

Type B Stars : 6.6 Km. per sec. Type G Stars : 15.0 Km. per sec. 
•* A " 10.0 *' " " " K " 16.8 «* " " 



«< 



i< 



10.9 
144 



(( <i i< 



•• M 



«4 



I7.I 



M 



Sun*s magnitude =: — 26.5, sending the earth 90,000,000,000 times as much light as the star 
Aldebaran. 

Ratio of total radiation of sun to that of moon about 100,000 to i ) t , 

" " " light ** " " " " " « 400,000 to 1 J *-^«*«y- 

* Lalande, r966, R.A.,qq i*3"'9f I)ec.jyio ^'^.V ^ >9i3 ^*** found to have a radial velocity (of approach) of ja6 
Km. per sec. (Mount Wilson Solar Observatory.) 

Smitmsonian Tablcs. 
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Tabli d2. 
TERRESTRIAL MAQNBTI8M. 



Ill 



Clut^ges in the magnetic declination between i8io^ the date of the earUett available obaerviu 
tions, and i9io» for one or more places in each state and territory. 



State. 


■ 
Station. 


z8zo 


Z820 


Z830 


Z840 


Z850 


z86o 


Z870 


X880 


Z890 


Z900 


Z9Z0 






o 
































Ala. 


Montgomery 


5.6E 


S^E 


5.8B 


5^B 


5-4E 


5*oB 


4-5B 


3.9B 


3.2B 


2.8E 


2.9B 


Alas. 


Sitka 


— 


— 


— 


- 


- 


28.7 E 


29.0E 


29.3E 


a9.SE 


29*7 E .30.2E 1 




KodJak 


^ 


_„ 


_ 


^ 


^ 


26.ZB 


25.6B 

20.Z£ 


25.ZE 
Z9.6B 


24.7E 
Z9.0E 


2A.AS,*'oA.tllf. 1 




Unalaaka 


- 


— 


- 


- 


— 


204B 


Z8.3E 


Z7.sE 




Si. Michael 


— 


^ 


— 


^ 


— 


— 


— 


a4.7K 


2a.zE 


22.ZE 


2Z4E 


Arb. 


Holbnxdc 


— 


— 


•m 


— i 


Z3.6B 


Z3.7E 


Z3.8E 


Z3.7E 


Z3.4E 


z3.sE 


Z3.9B 




Preaoott 


- 


— 


- 


— 


13.3B 


z3.sE 


Z3.7E 


Z3.6B 


Z3.SB 


Z3.7E 


Z4.3E 


Ark. 


UttleRodc 


8.6E 


8.8B 


9.0E 


9.0B 


8.8B 


8.6B 


8.2E 


7.6E 


7.0E 


6.6E. 


6.9E 


CaL 


Los Angdea 


i2.zE xa.6E 


Z3.2E 


Z3-6B 


X4.0E 


Z4.2B 


i4w*B 


Z4.6B 


Z4j6E 


Z4.9E 


Z5.5E 




Sam Jose 


iS*oE 


iS-SE 


z6.oB 


z6w|B 


Z6.8E 


Z7.zE 


Z7.3E 


z7.sE 


Z7.SB 


Z7.8E 


z8.sE 


C^ 


Redding 


X5-6E 


z6.zB 


X6.6E 


Z7.0E 


Z7.4E 


Z7.8E 


z8.zE 


Z8.2B 


Z8.3E 


Z8.6B 


X9.3E 


Cdb. 


Ptteblo 


— 


— 


- 


— 


Z3.8E 


Z3.8E 


13.8E 


z3.sE 


Z3.0E 


Z2.9B X3.3E 




GlenwoodSp. 


— 


— 


- 


- 


z6.zE 


Z6.2B 


X6.3B 


z6.zE 


ZS.7E 


Z5.6E <i6.iE 


Cooa. 


Hartford 


S.xW 


S.6W 


6.ZW 


6.8W 


7.SW 


8.2W 


8.7W 


9^W 


9.8W 


z0.4Wl1z.0W 


Dd. 


Dover 


I.6W 


I.9W 


2.3W 


2.8W 


34W 


4.0W 


4.7W 


S.3W 


S.9W 


6.4W 


7.0W 


D.C. 


Wsahington 


0.5E 


0.3E 


0.0 


o.sW 


z.oW 


X.7W 


2.4W 


3.0W 


3^W 


4.2W 


4.7W 


Fla. 


JackaonvUle 


5.1B 


S.zE 


4.9B 


4.6B 


4.2B 


3.7B 


3.zB 


2w|E 


iXE 


Z.3E 


Z.2E 




Penaacola 


7.7E 


7.8E 


7.7E 


7-SB 


7.2E 


6.8E 


6.2E 


5.6E 


S.oB 


4.5E 


4.4E 




Tampa 


6.4E 


6.2E 


5-9E 


5.SB 


S.oB 


4*5E 


3.9E 


3.3E 


2.8B 


2.3B 


2.0B 


Gft. 


Macon 


S.9E 


5-9B 


S.7E 


5-4B 


S.oE 


4-SE 


3.9E 


3.2B 


2.6B 


2.zE 


2.0E 


Hsw. 


Honolulu 


^ 


. 


— 


. 


9-4E 


9^B 


9.5B 


9.8B 


zo.zE 


Z0.4B 


lO^B 


Uaho 


Pocatello 


— 


— 


- 


— 


Z7-»E 


Z7.7B 


Z7.8B 


Z7.9E 


Z7.7E 


Z7.8E 


Z8.4E 




Boise 


- 


- 


- 


— 


Z8.0E 


184E 


Z8.6E 


z8>7E 


Z8.6B 


Z8.8E 


Z9^E 


HI. 


Bloomingtoo 


6.3B 


6.5E 


6.6B 


6.5B 


6.3B 


S.9E 


S.4B 


4.7B 


4.zE 


3.6E 


3.4E 


Ind. 

1 


Indianapolia 


5X>E 


5.zE 


5.0E 


4.7E 


4-4E 


3.8E 


3.2B 


2.6E 


2.0E 


Z.4E 


z.zB 


It. 


DesMolnea 


— 


Z0.2B 


Z0.4E 


Z0.5B 


Z0.4B 


Z0.2B 


9.7B 


9*zB 


8.4B 


7.9B 


8.zE 


Km* 


Emporia 


- 


— 


- 


- 


ZZ.6B 


ZX.5B 


ZZ.2B 


Z0.7B 


lO.iE 


9.8E 


zo.zE 




Nesa City 


— 


— 


- 


- 


X2.4B 


Z2.4B 


Z2.2E 


ZZ.9E 


XZ.4E 


zz.zE 


ZZ.4E 


Ky. 


Lexington 


4-5B 


4SE 


4.4B 


4.xB 


3.6B 


3.1B 


2.5B 


Z.9B 


Z.2B 


0.7 E 


0.5E 






6.8E 


7.0E 


7.0E 


6.8E 


6.SB 


6.zE 


5.6E 


5.0B 


4-3E 


3.8E 


3.7E 


La. 


Alexandria 


8.4E 


8.7B 


8.8B 


8.8B 


8.7B 


8.4C 


8.0B 


7.4E 


6.9B 


6.6E 


6.8E 


Me. 


Eastport 


13.6W 


14-IW 


1S.2W 


16.0W 


X7.0W 


17. 7 W 


Z8.2W 


Z8.6W 


18.7W 


19.0W 


i9-lW 




PoiHand 


9.0W 


9.6W 


10.3W 


11. oW 


ZZ.6W 


Z2.3W 


Z2.8W 


Z3.4W 


X3.9W 


Z4.4W 


Z4.8W 


Md. 


Baltimore 


0.9W 


z.zW 


Z.4W 


Z.9W 


2.4W 


3.zW 


3.8W 


4w»W 


S.oW 


S.6W 


6.ZW 


Mm. 


Boston 


7.3W 


7.8W 


8.4W 


9.zW 


9.8W 


zo-sW 


ZX.OW 


zz-sW 


Z2.0W 


Z2.6W 


Z3.ZW 


Maaa. 


Pittafield 


S.7W 


6.zW 


6.7W 


74W 


8.zW 


8.7W 


9.3W 


ZO.0W 


Z0.4W 


ZZ.0W 


zz-sW 


Midi. 


Marquette 


— 


6.7E 


6.7E 


6.5B 


6.0B 


5.4E 


4.6E 


3.8E 


3.0E 


2.3E 


2.0E 




Lanaing 


- 


4.2E 


4.xE 


3.8B 


3^B 


2.8E 


2.zB 


Z.3B 


0.5B 


o.oE 


04E 


Mini. 


Nortbome 


- 


ro.4B 


X0.7B 


10.8B 


Z0.7E 


Z0.4B 


Z0.0E 


9.3E 


8.6E 


8.0E 


8.zB 




Mankato 




ZZ.3B 


ZZ.6B 


ZZ.7E 


ZZ.6B 


ZZ.3B 


Z0.9B 


10J(& 


9.SE 


9.0E 


9.zB 



* Tables baire been oompilsd from Unilad Stalsa Magnstk Tables sad Msgnsdc Cbsrta for 19051 pabUabsd by 
ftc Costt and Geodetic Surrey in 1908. 
tarrHeeniAii Tancca. 
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Table 92 icvmHitmd), 
TERRESTRIAL MAGNETISM 

Swmlar Okaait of DMllaatlai {fprntimutd). 



State. 


Sution. 


1810 


1820 


Z830 


1840 


1850 


i860 


1870 


z88o 


X890 


1900 




































MiM. 


Jackson 


8.2E 


8.4E 


8.sE 


8.4E 


8.2E 


7.9E 


7.SE 


6jgiE 


6.4E 


6.0E 


Mo. 


Sedalia 


- 


10.0E 


10.2E 


I0.2E 


xo.xE 


9.8E 


94E 


8.7E 


8.0E 


7.6E 


Mont. 


Forsyth 


— 


- 


— 


I8.2E 


i8.sE 


X8.6E 


X8.6E 


X8.4E 


17 .9E 


17 .8E 


• 


Helena 


— 


- 


— 


X8.9E 


19.3E 


X9.6E 


X9.8E 


X9.6E 


X9.4E 


i9.sE 


Nebr.. 


Hastings 


-" 


I1.6E 


X2.0E 


X2.XE 


I2.ZE 


X2.0E 


IX.7E 


xi.aE 


X0.5E 


zo.aE 


Ncbr. 


Alliance 


— 


— 


— 


— 


xSw^E 


IS^E 


IS.3E 


X4.8E 


I4^E 


i4.aE 


Nev. 


Elko 


— 


— 


— 


— 


I7^E 


17.6E 


17.7E 


17.7E 


17 ^E 


17 .8E 




Hawthorne 


— 


— 


— 


— 


X6.3E 


16.6E 


X6.9E 


17 .oE 


17.0E 


17.3E 


N.H. 


Hanover 


7.1W 


7.SW 


8.2W 


8.9W 


9.8W 


XO.SW 


ix.xW 


XI.6W 


xa.oW 


la.sW 


N.J. 


Trenton 


a.8W 


3.1W 


3.SW 


4.IW 


4.7W 


S^W 


6.0W 


6.7W 


7.2W 


7.8\^ 


N. M. 


Santa Rosa 


— 


— 


— 


— 


X2.7E 


X2.8E 


12.7E 


xa.5B 


xa.iE 


za.oE 




Laguna 


— 


— 


— 


— 


13 .4E 


I3'6E 


X3.6E 


X3^E 


13 .oE 


13.0E 


N.Y. 


Albany 


S.6W 


S.8W 


6.3W 


6.9W 


7^W 


8.4W 


9.1W 


9.8W 


io.aW 


10.8^ 




Elmira 


2.aW 


24W 


2.8W 


3.3W 


4.0W 


4.8W 


S^W 


6.3W 


7/1W 


7J5Vi 


N.C. 


Newbem 


1.7E 


1.6E 


X.3E 


0.8E 


0.3E 


0.3W 


I.OW 


X.6W 


2.3W 


2^V, 


N.C. 


Salisbury 


3.9E 


3.8E 


3.6E 


3.2E 


2.7 E 


a.iE 


i.SE 


0.8E 


o.aB 


0.4)^ 


N.Dak. 


Jamestown 


— 


— 


— 


- X4.5E ';I4.3E !i4.oE 

■ 


13.sE 


12.7E 


12.4E 




Dickinson 


— 


— 


— 




17 .6E 


17 .6E 17 .4E 


17 ^E 


16.4E 


16.2E 


Ohio 


Columbus 


3^ 


3-4E 


3.2E 


2.9E 


2.4E 


X.8E 


X.2E 


0.6E 


ox> 


o.7\^ 


Okla. 


Okmulgee 


— 






^ 


io.aE 


xo.xE 


9.8E 


9.4E 


8.8B 


8.5E 


Okla. 


Enid 


— 






— 


11.2E 


xz.xE 


X0.9E 


xo.sE 


9.9E 


9.7E 


Oreg. 


Sumpter 


— 


— 


— 


— 


19.3E 19.7E I20.0E 


ao.aE 


ao.3E 


20 .4E 




Detroit 


16.7E 


X7.4E jiS.oE 18.6E 


I9.2E II9.7E |20.lE 


20 .4E 


ao.sE 


ao.8E 


Pa. 


Philadelphia 


2.aW 


2.4W 2.8W 3^W 


4.1W 1 4.8W 


s.sw 


6.3W 


6.8W 


7.4^ 




Altoona 


o.sW 


0.6W 


0.9W 


1.3W 


X.8W 


2.4W 


3.1W 


3.8W 


4.SW 


5.1^ 


P.R. 


San Juan 


— 


— 


— 


— 


— 


_ 


— 


~ 


^ 


1.0^ 


R.I. 


Newport 


6.6W 


7.1W 


7.7W 


8w»W 


9.1W 


9.8W 


X0.3W 


X0.8W 


XI.3W 


II. 9V 


S. C. 


Columbia 


4.4E 


4.3E 


4.1E 


3.7E 


3.2E 


2.7E 


2.1E 


1.4E 


0.8E 


0.2E 


S.D. 


Huron 


— 


— 


— 


13.1E 


X3.1E 


X2.9E 


12.6E 


X2.XE IXu(E 


XI. xE 




Rapid City 


— 


~- 


— 


^ 


16.4E 


16.4E 


X6.3E 


1S.8E 


IS^E 


15.1E 


Tenn. 


Chattanooga 


S.3E 


S.3E 


S.iE 


4.8E 


4.4E 


3.9E 


3^E 


a.6E 


2.0E 


I.SE 




Huntington 


— 


7.4E ! 7.4E 1 7.3E 


7.0E 


6.6E 


6.zE 


SSE 


4.9E 


4.4E 


Tex. 


Houston 


— 


8.9E ! 9.2E 


9-3E 


9.3E 


9.2E 


8.9E 


8.5E 


7.9E 


7.7E 




San Antonio 


— 


- 


9.6E 


9.8E 


9.9E 


9.8E 


9.6E 


9.3E 


8.9E 


8.7E 




Pecos 


^ 


— 


10.8E 


11.0E 


ix.xE 


xx.xE 


IZ.0E 


10.8E 


X0.4E 


Z0.3E 


Tex. 


Floydada 


— 


- 


— 


— 


11.3E 


XZ.3E 


ZZ.2E 


X0.9E 


10.4E 


10.3E 


Utah 


Salt Lake 


- 


— 




- I16.4E I16.6E 


16.7E 


x6.sE 


i6^E 


i6.sE 


Vt. 


Rutland 


6.8W 


7.2W 


7.8W 


8.SW1 9.2W lo.oW 


X0.6W 


X1.2W 


XI.6W 


12.1V 


Va. 


Richmond 


0.8E 


0.6E 


0.3VV 


o.iW 


0.6W 


1.2W 


1.8W 


2.sW 


3.1W 


3.7%^ 




Lynchburg 


I.9E 


1.8E 


1.6E 


1.2E 


0.8E 


0.2E 


O.sW 


1.2W 


1.8W 


2.4V 


Wash. 


Wilson Creek 










21.3E 


21.6E 


21.9E 


2X.9E 


1 
aa.iE !aa.4E 




Seattle 


19 lE 


19.7 E I20.3E 


20.8E 


2X.3E 


21.8E 


22.1E 


22.3E 


a3.6E 'a3.oE 


W. Va. 


Charleston 


2.3E 


2.2E 


2.0E 


i^E 


x.iE 


o.sE 


0.2W 


0.9W 


i.sw 


2.1V 


Wis. 


Madison 


— 


8.6E 


8.7E 


8.6E 


8.3E 


7.8E 


7.2E 


6.4E 


5.6B 


5.0E 


Wyo. 


Douglas 


— 


— 


— 


— 


I5-8E 


X6.0E 


16.0E 


15.8E 


XS.4E 


IS.3E 




Green River 










16.8E 


X7.0E 


17. oB 


X6.9B 


16.6E 


Z6.6E 



Smithsonian Tabucs. 



Tablcs 93-04. 
TERRESTRIAL MAQNETI8M iamtkm^d). 

TABLB 93. -Stf or lultBltSfllL 



"3 



. taUe gives for the epoch January i, 1905, the values of the magnetic dip, I, corresponding 
the longitudes west ot Greenwich in the heading and the north latitudes in the first column. 





6^ 


700 


75^ 


800 





900 




9S° 




100° 







1 10® 




lis** 




120*^ 


ias° 























19 


- 


- 


48.8 


49.1 


47.5 


46.3 


44.8 


44.2 


43.9 


- 


- 


- 


- 


21 


— 


— 


51.0 


51.1 


50.0 


49-3 
51.8 


48.2 


47.0 


48.8 


- 


— 


- 


— 


23 


— 


— 


56.3 


53-0 
56.0 


524 


50-7 


49.6 


48.2 


— 




— 


«5 


— 


- 


55-0 


^d 


53-2 


524 


S'-5 


50.6 


49.8 


48.3 


— 


27 


— 


— 


58.9 


58.1 


57.6 


55.6 


54.7 


53-9 


53.^ 


52.6 


51.0 


^ 


29 


. 


60.7 


61.0 


60.2 


59.8 
02.0 


58.9 
01.3 


58.2 
60.6 


57.2 


56.2 


SB'S 


54.8 


53-7 


— 


3" 


— 


63.0 


63.1 


62.6 


59.6 

62.0 

Hi 


61.0 
62.7 


^H 


56.7 


56.0 


- 


33 
3S 


^ 


65.0 
67.0 


65.0 
66.9 


68.6 


64.0 
66.0 


til 


62.7 
64.9 


59.8 
02.3 
64.6 


58.9 

61.0 


00.2 


"* 


J7 


— 


68.6 


68.9 


68.2 


67.7 


66.9 


65.1 


62.9 


62.2 


— 


39 


^ 


m 


7a6 


704 


70.2 


69.7 


68.8 


68.1 


67.2 


66.1 


00.0 


64.0 


62.8 


41 


— 


72.2 


72.2 


73-8 


714 


70.8 


69.8 


68.9 


67.8 


65.6 


64.7 


43 


— 


'¥ 


73? 


74.1 


73-3 


72.6 


71.6 


70.7 


69.6 


68.6 


67.5 


66.3 


45 


74-4 


75.6 
70.9 


m 


76.9 


l^ 


74.3 


73-6 


724 


71-5 


70.3 


69.2 


68.1 


47 


75-7 


76.2 


76.0 


75-2 


74.2 


73-0 


70.8 


69.9 


49 


76^8 


78.1 


78.2 


78.3 


78.7 


78.1 


775 


76.8 


75.8 


745 


73-5 


72.3 


714 



TABLE 84. — Ssoolsr OkiBfs of Sly. 

faloes of magnetic dip for places designated by the north latitudes and longitudes west of 
Greenwich in the first two columns for January ist of the years in the heading. The degrees 
are given in the third column and minutes in tne succeeding columns. 



Uii. 


Lon^ 




X855 


z86o 


1865 


Z870 


x87S 


z88o 


Z885 


Z890 


X89S 


1900 


1905 


19 10 
/ 


• 


e 





/ 


/ 


/ 


/ 


25 


80 


ssf 


S 


49 


48 


46 


% 


40 


35 


^ 


3? 


s! 


60 


77 


2$ 


tio 


4>f 


20 


30 


39 


55 


61 


76 


86 


96 


106 


30 


83 


60+ 


66 


70 


73 


l^ 


73 




t 


SI 


S 


63 


78 


96 


30 


100 


57+ 


44 


f9 


58 


67 


70 


65 


61 


n 


90 


105 


30 


"5 


54+ 


S3 


62 


09 


71 


70 


72 


75 


79 


85 


91 


96 


lOI 


35 


80 


66+ 


^s 


58 


57 


54 


45 


35 


26 


21 


30 


22 


3? 


3? 


35 


90 


5s± 


59 


51 


44 


37 


32 


26 


25 


^ 


27 


36 


48 


35 


105 


62+ 


— 


— 


— 


3H 


30 


24 


^ 


24 


34 


42 


50 


3S 


120 


60+ 


23 


06 


08 


08 


57 


06 


08 


II 


13 


14 


12 


08 


40 


75 


7«+ 


82 


82 


78 


73 


65 


55 


43 


33 


27 


24 


24 


24 


40 
40 


90 

105 


7»f 


30 


31 


34 


56 


36 
53 


32 

51 


29 

5* 


26 
51 


25 
52 


26 
56 


^ 


1 


40 


lao 


— 


48 


46 


44 


^ 


^ 


44 


44 


45 


'A 


48 


45 


6S 


74t 


116 


no 


lOI 


92 


80 


t 


46 


35 


^f 


20 


45 


75 


75+ 


»03 


99 


95 


90 


85 


73 


53 


43 


38 


36 


34 


45 


90 


74+ 


81 


81 


81 


79 


77 


75 


68 


63 


61 


59 


60 


60 


45 


105 


11" 


- 


— 


— 


- 


— 


22 


20 


20 


21 


22 


24 


27 


45 
49 


122.5 
92 


68-- 

78-- 


II 


34 

U 


37 
24 


40 
22 


40 
20 


39 
20 


37 
15 


34 
12 


30 
II 


26 
09 


24 
06 


20 
04 


49 


120 


72+ 




24 


22 


22 


19 


20 


19 


»9 


19 


18 


16 
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Tables 06-06. 

TERRESTRIAL MAQNETI8M {eomtimmH. 



This table gives for the epoch January i, 1905, the horizontal intensitr, H, ezpreased in CG.SL 
units, corresponding to the longitudes in the heading and the latitu(u» in the first ocrfumn. 





19 


6s? 


700 


750 


800 


850 


goo 


95? 


100° 


105° 


XIO^ 


"5° 


120^ 


ia5*> 


• 


• 


.307 


.314 


.319 


.322 


.328 


.332 


•331 










21 


— 


— 


.301 


.309 


.314 


.316 


.320 


.324 


.324 










23 


— 


— 


:^l 


.303 


•305 


.309 


.312 


.3>5 


•3' 2 


.320 








25 


— 


— 


.2Q2 


.295 


:^ 


.304 


•307 


.308 


.309 


.3" 


.304 




27 


— 


— 


.274 


.280 


.286 


.296 


.298 


.300 


.303 


.306 


^98 




29 


— 


.257 


.262 


.269 


.276 


.281 


.386 


.289 


.292 


X 


.207 


.201 




31 


- 


.246 


.251 


.256 


.263 


.26Q 


.274 


.277 


.202 


.285 


.2§2 




33 


- 


.233 


.239 


.245 


.251 


.257 


.262 


.266 


.270 


.273 


.274 


.274 




35 


- 


.220 


.225 


.232 


.240 


.242 


.248 


.253 
.238 


.256 


.25? 


.262 


.265 




37 


" 


.208 


.209 


.218 


.222 


.226 


J32 


.245 


.246 


.252 


•25* 




39 


. 


.197 


.198 


.203 
.186 


.206 


.212 


.217 


.224 


.229 


.237 


.240 


.242 


^ 


41 


- 


.184 


.185 


.192 


.196 


.202 


.207 


.210 


.223 


.228 


.240 


43 


- 


.170 


.170 


.169 


.>75 


.178 


.187 


.194 


.201 


.210 


.215 


.222 


.226 


45 


.161 


.157 


•'55 


.156 


.157 


.162 


.169 


'I77 


.190 


'\t 




.208 


.215 


47 


.145 


.144 


.140 


.142 


.142 


.150 


.152 


.161 


.170 


.108 


.196 


.201 


49 


•»3' 


.129 


."5 


.126 


.124 


,129 


.138 


.146 


•»53 


.165 


.>75 


.182 


.187 



TABLE 86. — Bsevlar Oksage of Hortieatal IMnattf. 

Values of horizontal intensity in C. G. S. units for places designated by the latitude and longi. 
tude in the first two columns for January i of the years in the heading. 



i 

! 




Longi- 
tude. 


X855 


i860 


Z865 


1870 


187s 


z88o 


x885 


1890 


x89S 


1900 


1905 


19x0 





























25 


80 


.3099 


.3086 


•3073 


•3057 
.3189 


.3042 


.3025 


.3008 


.2990 


.2970 


.2949 


.2920 


.2890 


25 


no 


.3229 


.3218 


•3254 


.3170 


•3155 


■3'43 


•3«30 


.3"7 


.3>04 

.2706 


.3090 


.3075 


30 


»3 


.2803 


.2795 


.2788 


.2780 


.2772 


.2763 


.2752 


.2740 


•^Z?5 


.2680 


.2644 


30 


100 


mmm 




.2961 


.2942 


.2924 


.2907 


.2891 


.2877 


.2865 


.2850 


.2830 


•^?^ 


30 


"5 


.3040 


.3026 


.3011 


.2990 


.2979 


.2964 


.2952 


.2940 


.2929 


.2920 


.2910 


.2898 


35 


80 


.2384 


.2379 


.2374 


.2369 


•2367 


•2363 


•2359 


.2352 


.2347 


.2337 


.2320 


.2296 


35 


90 


— 


- 


— 


.2462 


.2462 


.2461 


.2458 


■2455 


.2447 


.2437 


.2430 

.2j60 

.2650 


•2399 


35 
35 


105 
120 


. 


^ 


." 


.2720 


.2620 
.2707 


.2608 
.2695 


:T, 


•2590 
.2672 


.2663 


■m 


.2544 
•2044 


40 


75 


.1880 


.1883 


.1891 


.1902 


.1911 


.1919 


.1925 


.1930 


.1931 


.1928 


.1920 


.1909 


40 


90 


— 


.2086 


.20S2 


.2079 


.2076 


.2075 


.2074 


.2072 


.2068 


.2060 


.2050 


.2036 


40 


105 


- 


- 


— 


.2272 


.2266 


.2261 


.2257 


•2253 


.2248 


.2240 


.2230 
.2380 
.1610 


.2217 


40 
45 


120 
65 


.1504 


.1514 


.1488 


.2429 

•1537 


.2420 

•1553 
.1506 


.2412 
.1567 


.2406 
.1578 


■m 

.1538 


•2392 
.1600 


■f^^ 


.2379 

.1610 


45 


75 


.1483 


.1485 


.1495 


.1516 


.1527 


.1546 


.1550 


.1550 


•»554 


45 


90 


.- 


•1635 


•1633 


.1631 


.1628 


.1626 


.1624 


.1623 


.1624 


.1623 

.1900 


.1620 


.1616 


45 


105 


— 


— 


— 


.1920 


.1919 


.1918 


.1916 


•1913 


.1910 


.1900 


.1892 


. 45 


122.5 


.2175 


.2170 


.2162 


•2153 


.2145 


•2135 


2127 


.2121 


.2117 


•2II5 


.2115 


.2115 


49 
49 


92 
120 


.1332 
.1841 


•1330 
.1841 


.1328 
.1840 


.1324 
.1839 


.1321 
.1836 


.1319 
.1831 


.1318 
.1826 


.1318 .1321 
.1821 .1819 


.1324 

.1820 


.1330 

.1820 


•^335 
.1824 



6iiiTH«0NiAN TatLra. 



J 



TabLCS 97-96. ' 
TERRESTRIAL MAGNETISM ietmUnmeS^. 
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VAUB •7.-TMal]M«Mtty. 

table gives for the epoch January i, 1905, the values of total intensity, F, expressed in C. G. S. 
ponding to the longitudes in the heading and the latitudes in the first column. 



6s* 


7o* 


75* 


80* 


85' 


90* 


95* 


xoo* 


los* 


no' 


IIS* 


lao* 


"S" 


• 
I19 


^ 


^ 


•^ 


.480 


u»72 


.466 


.462 


.463 


•459 


^^ 


^ 


SI 

«3 


^^ 


^" 


478 
•495 


.492 
.504 


.489 
.500 


485 
.500 


.480 
493 


4% 


1481 


480 


«. 


. 


^ 


«5 


— 


- 


.512 


•522 


.514 


.1^ 


•507 


.503 
.510 


495 


.487 


483 


457 


— 


«7 


•" 


"■ 


•530 


•530 


•534 


.524 


•509 


•505 


.504 


474 


^ 


*9 


« 


•525 


•540 


.541 


•549 


•544 


f^ 


•534 


•525 


.519 


•515 


.492 


- 


V 


— 


•542 


•555 


.556 


.560 


.560 


.547 


•543 


•531 


.519 


.504 


— 


33 


— 


•551 


.560 


1 


•572 


s 


31 


.567 


•557 


•543 


•530 


.518 


— 


35 


— 


•563 


.54 


•590 


•571 


* 


•557 


.540 


•^ 


— 


37 


— 


•570 


.#1 


•598 


.598 


.S9(> 


.591 


•590 


•573 


•553 


— 


41 


- 


.589 


« 


•^ 


.608 
.618 


.611 
.614 


.600 
.614 


.600 
.600 


.591 
.600 


.585 
•590 


.568 
•579 


■w^ 


•536 
.562 


43 


— 


•599 


.613 


.617 


.627 


.619 


.625 


.614 


.608 


.602 


.589 


.580 


45 


•i? 


■^ 


!6i8 


.623 
.622 


.623 
.626 


.626 
•657 


.624 
.628 


.627 
.630 


.628 
.624 


.605 
.616 


:^ 


.596 


'.58^ 




•574 


.626 


.611 


.621 


•633 


.626 


.638 


.639 


.624 


.617 


.616 


•599 



TMMLB 98.-8«ndii Okaatt of Vote! latnMtT. 

of total intensity in C. G. S. units for places designated by the latitudes and longitudes in the 
two columns for Janvary 1 of the years in the heading. (Computed from Tables 92 and 94.) 



«5 
«5 

3D 

'^^ 

IS 
35 
35 

35 
4» 

40 
40 
40 
45 
45 

:^ 

45 

45 
49 
49 



o 

80 

no 

83 
100 

"5 

80 

90 
105 



7S 

90 
los 
120 

65 
75 

90 

105 
123.5 

92 
lao 



1855 



.5516 
>35 




•5285 
.6089 



.6206 



.6188 
.6454 



•^3 



i 



i860 




•5796 
.5280 
.6080 



.6216 
.6254 

.6x86 
.643" 

•6465 




4 
.6100 



1865 



.5467 

•4933 
•5790 

^5583 
.5269 

.6063 



6220 
.6258 



.6167 
.6413 

•6457 



.6085 



1870 



•5434 
4925 
•5777 
•5570 

•5247 
.6038 

•599« 



•54' 
.62 



62 
227 



.6264 
.6048 
.5691 
.6152 
.6404 

•6434 



.5918 
.6566 
.6071 



187s 



5400 
4908 

5757 

5544 
5215 

5996 

5964 

5674 

5433 
6212 

6250 
6019 
5670 

0134 
6412 

6408 

5896 
6533 



1880 



•5364 
.4902 

.5720 

•5499 
•5194 

.5946 
.5942 
.5629 
.5406 
.6182 

.6226 

•5997 
.5651 

.6107 

.6363 

.6386 



X885 



.5322 
4891 
.5668 
•5456 
•5179 

.5900 
.5912 
.5610 

.6136 

.6208 
.5986 

-5^37 
.6077 

•6327 

•6330 
.6314 

•5834 
.6472 

.6017 



Z890 



5290 
4883 
5625 

5432 
5167 

5863 
5901 

5590 
374 




6187 

5976 
5620 
6048 
6306 

6291 
6303 
5804 
0445 
5995 



189s 



.5264 
.4876 
.5600 

•5427 
.5160 

.5874 
.5882 
.5588 

•5361 
.6070 

.6170 
.5967 
.5608 
.6019 
.6266 

.6382 
.6299 
•5776 
.6451 
•5988 



1900 



5247 
4873 
5590 
5421 
S158 



5505 

5585 
5350 
6045 

6151 

5903 

5593 
6005 

6247 

6264 
6392 

5754 
6447 

5992 



1905 



5222 
4868 

5581 
5416 

5151 

5818 

58- 

55' 

5332 

6019 

6 1 41 

5953 

5590 

987 

233 

6259 
6284 

5745 
6450 

5986 



1910 



.5206 
.4860 

•5559 
•5405 
.5140 

.5789 
•5852 
•5572 
•5309 
•5985 

•6135 
•5940 

•559" 
.5962 

•6235 

.6244 
.6275 
.5728 
.6456 
.5988 



Ii6 



Table 99* 

AQONIC LINE. 

The line of no declination appears to be ttill moT- 
ing westward in the United Sutes, bat the line of no 
annual change is only a short distance to the west of 
it, so that it is probable that the extreme westerly 
position will soon be reached. 





Longitudes of the agonic line lor the ] 


rem— 


N 






















o 


1800 


1850 


187s 


S890 


1905 

















25 


- 


- 


- 


Itl 


761I 


30 


— 


— 


•■ 


79-7 


35 

6 

5 


70.3 


76.7 

77.3 

7Z-7 
78.3 


79.0 


82.2 


81.7 
82^ 

53-5 
83.6 


76.7 


81.3 
81.6 


82.6 


9 


76.9 


78.7 


82^ 


83.6 


40 

I 


77.0 
77-9 


79-3 
80.4 


81.6 
81^ 


82.7 
82^ 


84.0 
84.6 


2 


791 


81.0 


82.6 


837 


84^ 


3 


794 
79.8 


81.2 


83.1 


84.3 


85.0 


4 


— 


83-3 


84.9 


85.5 


45 


. 


— 


83.6 


85.2 


86x> 


6 


— 


— 


84.2 


84^ 


864 


I 

9 


— 


- 


85.1 


85.4 


864 


- 


- 


86.0 
86.5 


m 


1^5 
87.2 



•mithsonian Tables. 



Tabu 100. II7 

RECENT VALUES OF THE MAGNETIC ELEMENTS AT MAGNETIC 

OBSERVATORIES. 

' (Compiled by the Department of Terrestrial Magnetism, Carnegie Institution of Washington.) 



Pawlowsk 
Sitka 

K atbarinenbnrg 
Rude Skov 
Eftkdalemuir 
Stonyhurst 
Wilhelmshaven 
Potsdam 
Seddin 
Irkutsk 
De BUt 
Valencia 
Claosthal 
Bochum 
Kew 

Greenwich 
Ucde 
Hennsdorf 
Ben then 
Falmouth 
Prague 
Cracow 

Sl Helier Ueney) 
Val Joyeuz 
Munich 
Kremsmiinster 
O'GyaUa (Pesth) 
Odessa 
Pola 

Agincourt (Toronto) 
Perpignan 
Tiflts 

Capodimonte 
Ebro (Tortosa) 
Coimbra 
' Mount Weather 
Baldwin 
Cheltenham 
Athens 
San Fernando 
Tokio 
Tucson 
S-ka-wei 
Dehm Dun 
Helwan 
Barrackpore 
Hongkong 
Honolulu 
Toongoo 
Alibig 
Yieaues 
Antipolo 
Kodaikanal 
Batavia-Bntenxorg 
Sl Paul de Loaoda 
Samoa (Apia) 
Tananarive 
Manritiui 

lUo de Janeiro 



iSWTHtONIMI TAIkCta 



Latitnde. 



5941N 

5703N 
5703N 

5S19N 

53 51 N 

5332N 
5223N 
52 17N 
52 16N 
5206N 
51 56N 
5148N 
51 29N 
51 28N 
51 28N 
5048N 
5046N 
50 21N 
5009N 
S005N 
5004N 
40 12N 
4849N 
4809N 
4803N 

4753N 
4626N 
4452N 
4347N 
42 42N 

4143N 
40 52N 
4049N 
40 12N 
3904N 
3847N 
3844N 

3759N 
3628N 
3541N 
32 15N 
31 12N 
30 19N 
29 52N 
22 46N 
22 18N 
21 19N 
1856N 
X838N 
1809N 
1436N 
10 14N 
6 iiS 
848S 
H48S 

2006S 

22558 



Longitude. 



30 29£ 

135 20 W 

6038E 

12 27£ 
3 12W 
228W 
809E 

13 04E 
1301E 

104 i6£ 
5 iiE 
1015W 
10 20E 
714E 
o 19W 
000 
421E 
1614E' 

1855E 
50SW 
1425E 
1958E 
205W 

2 0l£ 

II37E 
I408E 

18 I2E 

30 46E 
13 5IE 

79I6W 

2 53E 
4448E 
I4I5E 

o 31E 

825W 

n 53W 
9510W 
7650W 

23 42 E 
612W 

139 4SE 

no 50W 

121 26£ 

7803E 

31 20E 
8822E 

114 loE 

158 04W 
9627E 
72 52E 
6S26W 

121 loE 
77 28E 

106 49E 

13 13E 
171 48W 

4732E 
5733E 

4311W 



Middle 

of 
year. 



907 
910 

907 

910 

911 

912 

910 

912 

912 

90s 
910 

911 

905 
911 

911 

911 

911 

912 

908 

912 

910 

911 

907 
911 

910 

904 
911 

910 

911 

910 

910 

905 
911 

911 

908 
908 
910 
908 
911 
910 
910 
907 
910 
912 
910 
910 
910 
910 
912 
910 
911 
910 

909 
910 

908 
907 

1906 
1910 



Magnetic Elements. 



Declination. 



I 09.9E 
30 164E 

10 35.5E 
9 28.7 W 

18 12.4W 
17 03.6 W 

1 1 37.0W 
8 4S.9W 

8 47.2W 

1 58.1 £ 

12 58.2 W 
20 38.1 W 

10 40.3W 

1 1 48.3 W 

IS SS-3W 

IS33-OW 

13139W 

706.9W 

6 12.3W 

17 24.2W 

809.6W 

5 18.1W 
10 27.4W 

14 17.6W 
931.SW 

9 02.4W 

6 25.6W 

3 3S-9W 
8 17.SW 
6 03.9W 

12 44.8 W 

2 41 .6£ 

13 i*8.Vw 
10 27 .4 W 

3 39-2W 

8 33.0E 
S 41.4W 

4 S3.0W 

15 05.2 W 

4 58.2W 
13 25.8E 

2 33.6W 
2 31 •9E 
2 25.4W 

o SSSE 
000.4E 

9 29.7 £ 
o 24.9E 
o 51. 2E 
2 20.6W 
4a9E 
o 55.0W 
049.5E 

16 12.3W 
941.9E 
9 29.7 W 
9 18.5W 

8 5S-3W 

9 4aoW 



Inclination. 



70 37.7N 
74 32.2N 
70 52.2N 
68 45.0N 
6037.1N 
68 41. 4N 

67 30. 5N 
66 20.4N 
66 17.4N 
70 25.0N 
66 46. 5N 

68 12.1N 



66 57.2N 
66 S2.IN 
6600.1N 



6626.6N 

• ■ • ■ 

6415.5N 
6S34.5N 
6441.6N 
63 08.4N 



62 26.9N 
60 03.6N 
74 38.SN 

56 02.8N 

56 11.7N 

57 54.8N 
5846.4N 

68 47iN 
70 35.4N 

52 11.7N 
S4 3»-5N 
49 07-3N 
59 19.6N 
45 36.6N 
43 54.8N 
40 43.7N 
30 42. 2N 

30 58.8N 
39 47-2N 
23 02. 1 N 
23 56. 1 N 
49 52.0N 
16 18.2N 

3 4S-2N 

31 09.2S 
35 32.2S 
29 21.7S 
54 05.7S 

53 30-6S 
13 57-2S 



Intensity (C.G.S. uniu). 



Hor'I. 



.1650 

•1559 
.1762 

■% 

.1740 

.i8t2 

.1880 
.1884 

.2001 

.18-54 

.1789 



.1850 

.1852 
.1902 



.1880 



.1974 

.2064 

• • • 

.2107 
.2171 
.2219 
.1627 

• • • 

•2545 

• • ■ 

.2326 
.2301 

• • • 
.2171 

•1983 
.2620 

.2489 
.3001 
.2741 
•3306 
.3326 
.3006 

•3733 
.3711 
.2916 

.3880 

.3687 
.2886 
.3820 

.3748 
.3668 
.2012 

•3561 

•2533 

•2331 
.2477 



Ver'I. 



.4694 

.5637 
.5081 

.4468 

•4534 
4460 

.4377 
4291 
4290 

•5625 
4321 
.4473 



•4349 
4337 
.4273 



.4312 



4176 
.4075 

• • • 

• V • 

.4161 

.3853 

•5923 

... 

.3780 

• . ■ 

.3709 
.3795 

... 

.5026 

•336' 

... 

•3467 

.4621 

.3377 

.3202 

.2588 

.2217 
.2228 
.2428 
.1650 

.1637 
.3424 

.1117 
.0246 
.2218 

.1437 

.2004 

•3499 

•3'Si 
.0617 



Total, i 



•4975 
.5849 
•5378 
•4794 

4837 
.4787 

•4737 

4685 
4685 

.5970 

.4702 

.4817 



4726 
4716 

.4677 



4704 



461 Q 
4568 

■ • • 

• ■ • 

.4693 
.4446 
.6142 

• • • 

•45S7 

• e • 

.4378 
.4438 

• • • 

•6003 
.5966 

.4262 

.4585 
•S372 
4726 
.4617 

.3967 
4341 
.4328 

•3795 
.4216 

.4034 
4478 
.3981 

.4286 

!4086 

•4319 
.3920 

.2553 
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Tablk 101. 



PRESSURE OF COLUMNS OF MERCURY AND WATER. 



British and metric measnres. Correct at o° C for mmvary aod at 4® C for 



Metric Measure. 


British Measure. 




Cms. of 
Hg. 


Pressure 

insmnsper 

sq. cm. 


Pressure 

in pounds per 

sq. inch. 


Inches of 
Hg. 


Pressure 

in grama par 

■q.cm. 


iTeitufe 

in pounds par 

sq. indu 




1 

2 

3 
4 

5 
6 

7 
8 

9 
10 


13-5956 
27.1912 

40.7868 

54.3824 

67.9780 

81.5736 

95.1692 

108.7648 

122.3604 

135.9560 


0.193376 
0386752 
0580128 

0.773504 
0966880 

1. 1 60256 

1-353632 
1.547008 
1.740384 
1-933760 


1 

2 

3 

4 

5 

6 

7 
8 

9 
10 


' 34.533 
69.066 

103.598 

138.131 
172.664 

207.197 

241.730 
276.262 

310.795 
345-328 


0491174 

a982348 
M73522 
1.964696 

2455870 
2.947044 
3-438218 

3-92939» 
4.420566 

4.911740 




Cms. of 
H,0. 


Pressure 

mgramsper 

sq. cm. 


Pressure 

in pounds per 

sq. indtk. 


Inches of 
HsO. 


Pres^re 

m grama par 

sq. cm. 


Pressure 

in pnundK per 

sq. inch. 




1 

2 

3 

4 

5 
6 

7 
8 

9 
10 


I 
2 

3 
4 

5 
6 

7 
8 

9 

10 


00142234 
00284468 
00426702 
0.0568936 
007 1 1 170 
0.0853404 
00995638 
01 137872 
OI280106 
0.1422340 


1 

2 

3 

4 

5 

6 

7 
8 

9 
10 


2.54 

7.62 
10 16 
12.70 
15.24 

17.78 
2032 

22.86 

25.40 • 


0036127 
0072255 
0108382 
OI4451O 
0180637 
0216764 
0252892 
0289019 

0.325147 
0361274 





S111TH8OMIAN Tables. 



Tabu 102. II9 

ICTION OF BAROMETRIC HEIGHT TO STANDARD TEMPERATURE/ 



^Qcvecdoiw for brass scale and 


Corrections for brass scale and 


Corrections for glass scale and 


BacMsh measure. 


aietric measure. 


metric measure. 


Heigbtof 


a 


Height of 


a 


Height of 


a 


arometer in 


in indies for 


barometer in 


in mm. for 


barometer in 


in mm. for 


inches. 


ten^K F. 


mm. 


temp. C. 


mm. 


temp. C. 


15.0 


0.0013s 


400 


^^11 


50 


0.0086 


16.0 


.00145 


410 


.0668 


100 


.0172 


17.0 


.00154 


420 


.0684 


ISO 


.0258 


'Z-5 


.001 j8 


430 


.0700 


200 


•0345 


18.0 


x>oi63 


440 


.0716 


250 


.0431 


18.5 


.00167 


450 
460 


•0732 


300 


.0517 


19.0 


.00172 


.0749 


350 


.0603 


I9-S 


.00176 


470 


.0765 










480 


.0781 


400 


0.0689 


200 


O.OOI8I 


490 


.0797 


450 


•0775 


20.5 


.00185 






500 


.0861 


21X) 


xx)i90 


500 


0.0813 


520 


.0895 


21.5 


.00194 


510 


.0830 


540 


.0930 


22.0 


•00199 


520 


x>846 
X)862 


^^ 


.0965 


22.5 


.0020; 
.00208 


530 


580 


.0999 


23.0 


540 


.0878 






23-5 


.00212 


l^ 


.0894 


600 


0.1034 






.0911 


610 


.1051 


24.0 


OX)02I7 


570 


.0927 


620 


.1068 


24-5 


.00221 


580 


•0943 


630 


.1085 


25.0 


.00226 


590 


•0959 


640 


.1103 


200 


/X>231 

xx)236 


600 


0.0975 


^ 


.1120 


26.S 


XX>240 


610 


.0992 






27.0 


.00245 


620 


.1008 


670 


0.1 154 


^'S 


xx>249 


630 


.1024 


6S0 


.1172 






640 


.1040 


690 


.1189 


2ao 


aoo254 


670 


.1056 


700 


.1206 


28.5 
29.0 


.00258 
.00263 


.1073 
.1089 


710 
720 


.1223 
.1240 


29.2 


.00265 


680 


.1105 


730 


.1258 


29.6 


J00267 


690 


.1121 






xx>268 






740 


0.1275 


29.S 


XX>270 


700 


0.1 137 


700 


.1292 


30-0 


X)0272 


710 


.1154 


•»309 






720 


.1170 


770 


•^27 


30.2 


0.00274 
.00276 


730 


.1186 


780 


.1344 


30^ 


740 


.1202 


790 


.1361 


30.6 


.00277 


750 
760 


.Z2l8 


800 


•1378 


30-8 


.00279 


.1235 




' 


3ix> 


.00281 


770 


.1251 
.1207 


850 


0.1464 


3' -2 


.00283 


780 


900 


.1551 


3«-4 


J002S$ 


^ 


.1283 


950 


.1639 


31^ 


J0O2$7 


.1299 


1000 


.1723 



tThe beiffhtof the barotneter it affected by the relatiTe thermal expansion of the mercury and 
K glass, in the case of instruments graduated on the glass tube, and by the relative expansion of 
wmercnry and the metallic inclosing cane, usuallyof brass, in the case of instruments graduated 
• th« brass case. This relative expansion is practically proportional to the first power of the ten»> 
^tore. The abore tables of values of the roeffictent orrelative expansion will be found to rItc 
Bvrcctions almost identical with those given in the International Meteorological Tables. The 
imbera tabulated under* are the values of a in the equation /ff=' H^ — a{f —I) where /^/ is the 
eight at the standard temperature>/// the observed height at the temperature f, and « (/' — /) the 
Direction for temperature. The standfrd temperature Is o° C. for the metric system and a8°.5 P. ' 
or the English system. The Bnirlish barometer is correct for the temperature of melting ice at a 
^perature of approximately 38°.$ P.. because of the fact that the brass scale is graduated so aa 
ohentandard at 63*^ P.. while mercury has the standard density at 32° P. 

BxvMPLB. —A barometer having a brass scale gave /f=^ 765 mm. at 35° C. ; required, the cor« 
''POQdi'ig reading at 0^ C. Here the valueof aisthemeanot .ia35and .1351, or .1243; . *. o(^--/) 
■•»M3Xa5=»3.ii. Hence /fo="765 — 3-" ^761.89 

N. B.--Although a is here given to three and sometimes to four significant figures, it i* seldom 
*Mth while to use more than the nearest two-fisrure number. In fact, all barometers have not th« 
<2|« valves for a, and when great accuracy itt wanted the proper coe&cituU YkiJv^Xo >a^ <LtXn« 
"iMd by experiment. 
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REDUCTION OP BAROMETER TO STANDARD GRAVITY.* 







N. 


. B. From latitude 0^ to 44° the correction is to be subtracted. 












From latitude 90^ to 46*' the correction Is to be added. 




j_ 


Height of the barometer in inches. 
































«9 


so 


21 


aa 


as 


u 


as 


26 


a? 


28 


»9 


30 






Inch. 


Inch. 


Inch. 


Inch. 


Indi. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


Inch. 


€P 


9Q0 


0^51 


0-053 


0056 


0-059 


ao6i 


0.064 


0.067 


0.069 


0.072 


0.074 


0.077 


0.080 


5 


85 


0050 


OX>52 


0055 


0.058 


0.060 


0.063 


0.066 


0.068 


0.071 


0.073 


ao76 


0.079 


6 


!* 


•049 


.052 


.055 


.057 


.060 


.062 


.065 


.068 


.070 


.073 


.076 


.078 


I 


53 


.049 


.052 


.054 


.057 


.059 


.062 


.065 


.067 


.070 


.072 


.075 


.077 


82 


X>49 
.048 


^51 


.054 


.056 


.059 


.061 


.064 


.067 


.060 


.072 


.074 


.077 


9 


81 


•051 


•053 


.056 


.058 


.061 


.063 


.066 


.068 


.071 


.073 


.076 


10 


80 


ao48 


0050 


0.053 


0.055 


0.058 


0.060 


0.063 


0.065 


0.068 


0.070 


0.073 


0.075 


II 


It 


.047 


•049 


.052 


.054 


.057 


.058 


.062 


.064 


.067 


.069 


.072 


.074 


12 


^6 


^0 
^48 


.051 


.054 


.056 


.061 


.063 


.066 


.068 


.071 


•073 


13 


77 


.045 


.050 


-053 


•055 


.057 


.060 


.062 


.065 


.067 


.060 


.072 


M 


76 


•045 


.047 


.049 


.052 


•054 


.056 


.059 


.061 


.063 


.066 


.068 


.071 


15 


75 


0.044 


0^6 


ox)48 


0.051 


0.053 


0.055 


0.058 


ao6o 


0.062 


0.065 


0.067 


0.060 


i6 


74 


.043 


•045 


.047 


.050 


.052 


.054 


.056 


.059 


.061 


.063 


.065 


.068 


17 


73 


^2 


.044 


.046 


.049 


.051 


•053 


.055 


.057 


.060 


.062 


.064 


.066 


i8 


72 


x>4i 


•043 


.045 


.047 


.050 


.052 


.054 


.056 


.058 


.060 


.062 


.065 


»9 


71 


.040 


.042 


.044 


.046 


.048 


.050 


.052 


.055 


.057 


•059 


.061 


.063 


20 


70 


0030 


0.041 


0.043 


ao45 


0.047 


0.049 


0.051 


0.053 


0.055 


0.057 


0.059 


0.061 


31 


69 


.038 


J040 


.042 


.044 


.045 


.047 


.049 


.051 


.053 


.055 


.057 


.059 


22 


60 


x>36 


.038 


.040 


.042 


.044 


.046 


.048 


.050 


.052 


.054 


.056 


.057 


23 . 


^ 


•035 


.037 


•039 


.041 


.043 


.044 


.046 


.048 


.050 


.052 


.054 


•055 


24 


66 


.034 


.036 


.037 


•039 


.041 


.043 


.045 


.046 


.048 


.050 


.052 


•053 


25 


65 


0^33 


0.034 


0.036 


0.038 


0.039 


ao4i 


0.043 


0.044 


0.046 


0.048 


0.050 


0.051 


26 


64 


03> 


•033 


.034 


.036 


.038 


.030 
.038 


.041 


.043 


•044 


.046 


.048 


.049 


S 


53 


.030 


.031 


•033 


.034 


.036 


•039 


.041 


.042 


.044 


.045 


.047 


62 


.028 


.030 


.031 


•033 


.034 


.036 


•037 


•039 


.040 


.042 


.043 


.045 


29 


61 


.027 


.028 


.030 


.031 


.032 


.034 


•035 


.037 


.038 


•039 


.041 


.042 


30 


60 


ao25 


0.027 


0.028 


0.029 


0.031 


OX>32 


0.033 


0.035 


0.036 


0.037 


0.039 


0.040 


3> 


S 


J024 


.025 


.026 


.027 


.029 


.030 


.031 


.032 


.034 


•035 


.036 


.037 


3« 


58 


.022 


.023 


.025 


.026 


.027 


.028 


.029 


.030 


.032 


•033 


.034 


•035 


33 


57 


.021 


.022 


.023 


.024 


.025 


.026 


.027 


.028 


.029 


.030 


.031 


.032 


34 


56 


.019 


^20 


.021 


.022 


.023 


.024 


.025 


.026 


.027 


.028 


.029 


.030 


25 


55 


ox>i7 


0X>l8 


0.019 


0.020 


0.021 


0.022 


ao23 


0.024 


0.025 


0.025 


ao26 


0.027 


36 


54 


.016 


.016 


.017 


.018 


.019 


X}20 


X>21 


.021 


.022 


.023 


.024 


.025 


37 


53 


X)i4 


•015 


.015 


.016 


.017 


.018 


.018 


.019 


.020 


.021 


.021 


.022 


# 


52 


X>12 


.013 


.014 


.014 


.015 


.015 


.016 


.017 


.017 


.018 


.019 


.019 


39 


51 


.oil 


.Oil 


.012 


.012 


.013 


X)i3 


.014 


.014 


.015 


.015 


.016 


.017 


40 


50 


0.009 


aoo9 


aoio 


0.010 


0.01 1 


0.01 1 


0.012 


0.012 


0.012 


0.013 


0.013 


0.014 


41 


^ 


.007 


xx)7 


.008 


.008 


.009 


.009 


.009 


.010 


.010 


.010 


.011 


.Oil 


42 


•005 


J006 


.006 


.006 


.006 


.007 


.007 


.007 


.008 


.008 


.008 


.008 


43 


47 


.004 


.004 


.004 


.004 


.004 


.004 


.005 


.005 


.005 


.005 


.005 


.006 


44 


46 


J002 


XX>2 


.002 


XX>2 


.002 


.002 


.002 


.002 


.003 


.003 


.003 


.003 



• *' SmithaoDian Meteorological Tablet," p. 58. 
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TasU 100. 



REDUCTION OP BAHOMCTCH TO STAfiOAMD CRAV 



lilnrtlliittfo.-] 



N. B. — From latitude o^ to 44^' the correction b to bo 
From latitude 90^ to 4i6° the ourrectioo is to bo 



» A«2i. 


1— J- 








Height ci the boromelor in mOlinetan. 




Latitooe. 


5»o 


560 


600 


6ao 


640 


660 


680 


700 


7» 


740 






mm. 


nim. 


mm. 


mm. 


mm. 


mm. 


mm. 


flHIl* 


BHH* 


mm. 


a» 


900 


1-38 


M9 


1.60 


1.65 


1.70 


1.76 


t.81 


1.86 


1.99 


197 


5 


85 


1.36 


1-47 


1-57 


1.63 


1.68 


«73 


1.78 


^^ 


'^ 


194 


6 


84 


1-35 


1.46 


1.56 


1. 61 


1.67 


1.72 


1.77 


iM 


'•57 


'•93 


I 


82 


1.34 
1-33 


1-45 
M3 


»-5S 
^•54 


1.60 
1.59 


1.65 
1.64 


1.69 


1.70 
174 


1.81 
1.79 


1.86 


•? 


9 


81 


132 


1.42 


1.52 


157 


i.6a 


I.^ 


1.7a 


»77 


1.82 


1.87 


10 


80 


1.30 


1.40 


1.50 


1-55 


1.60 


1.65 


1.70 


I-7S 


1.80 


^•!5 


II 


?l 


1.28 


1.38 


1.48 


»53 


1.58 


1.63 


1.68 


173 


1.76 


1.83 


12 


1.26 


1.36 


1.46 


1.51 


1.56 


1.60 


1.65 


1.70 


'•75 


1.80 


13 


77 


1.24 


1.34 


1-44 


1.48 


»-53 


1.58 


1.63 


1.67 


1.72 


1.77 


14 


76 


1.22 


132 


1. 41 


146 


ISO 


»-5S 


1.60 


1.65 


1.69 


1-74 


15 


75 


1.20 


1.29 


138 


M3 


1.48 


i.Sa 


1-57 


1.61 


t.66 


1.71 


16 


74 


1. 17 


1.26 


^•35 


1.40 


1.44 


1.49 


1-54 


1.58 


1.63 


1.67 


17 


73 


1.15 


1.24 


'•32 


1-37 


1.41 


'•45 


1.50 


154 


1.59 


1.63 


18 


72 


1. 12 


1. 21 


1.29 


1.34 


1.38 


1.42 


1.46 


1.51 


^'SS 


1.59 


19 


71 


1.09 


1.17 


1.26 


1.30 


1.34 


1.38 


1-43 


1.47 


1.51 


'•55 


20 


70 


1.06 


1.14 


1.22 


1.26 


i-3» 


1.35 


139 


'a 


M7 


i.^i 


21 


69 


1.03 


I. II 


1. 19 


123 


1.27 


1.31 


1-35 


M2 


i46 


22 


60 


1. 00 


1.07 


1.15 


1. 19 


1.18 


1.26 


1.30 


134 


1-38 


1.42 


23 


67 


0.96 


1.04 


I. II 


1.15 


1.22 


1.26 


1.29 


I'M 


'•37 


24 


66 


•93 


1. 00 


1.07 


1. 10 


1.14 


1.18 


1.21 


1.25 


'•32 


25 

26 


65 

64 


0.89 
.85 


0.96 


1.03 
0.98 


1.06 
1.02 


I.IO 

1.05 


1.08 


i.f6 
I. II 


i.ao 
1.15 


I.I8 


1.27 
1.21 


27 


63 


.81 


.88 


1 


0.97 


1. 00 


1.03 
a98 


1.06 


I.IO 


'•»3 


1. 16 


28 


62 


.77 


•83 


I7 


©•95 


1.01 


1.04 


1.07 


I.IO 


29 


61 


•73 


•79 


•85 


.90 


•93 


0.96 


0.99 


1.02 


1.04 


30 


60 


0.69 


0-75 


0.80 


0^3 


a85 


0.88 


a9i 


Tr 


a96 


0.98 


31 


59 


.65 


.70 


•75 


'77 


Jdo 


.82 


.85 


T4 


H 


32 


58 


.61 


.65 


.70 


.72 


•75 


.77 


•79 


.82 


33 


57 


.56 


.61 


.65 


.67 


.69 


•7' 


•U 


.76 


•78 


.80 


34 


56 


•52 


.56 


.60 


.62 


.64 


.66 


.70 


.72 


•74 


35 


55 


0.47 


asi 


0.55 


0.56 


0.58 


a6o 


a62 


a64 


a66 


a67 


36 


54 


.38 


.46 


•49 


•5' 


•S3 


•55 


.56 


•58 


•59 


.61 


^l 


53 


.41 


•44 


•45 


.47 


.48 


•50 


•51 


M 


•54 


38 


52 


•33 


.36 


•39 


.40 


.41 


•43 


•^ 


•45 


^8 


39 


51 


.29 


•3' 


•33 


•34 


•35 


•37 


.38 


•39 


.40 


•41 


40 


50 


a24 


a26 


a28 


a 29 


0.30 


0.31 


0.31 


0.32 


0-33 


0.34 


41 


4? 


.19 


.21 


.22 


•23 


•24 


•24 


•25 


.26 


•27 


•27 


42 


48 


.14 


.16 


.17 


.17 


.18 


.18 


•19 


.19 


.20 


.21 


43 


47 


.10 


.10 


.11 


.12 


.12 


.12 


■l^ 


•»3 


•»3 


.14 


44 


46 


.05 


•05 


.06 


x>6 


.06 


.06 


•07 


.07 


•07 



•mithsomian Ta«lk«. 



• "SmithMmisn Meteerok^ical Tabka," p. s«> 
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TAMXi 106-107. 
TABLE 100. — OonNtloB ol tht BuosMttr for Oavillaxlty.* 



?p 



I ?i 



I. Metric Mxasurs. 



Itsbe 



r t/4 

ifi: 
I"? 






9 

lO 

II 

12 

13 



HnGHT OP Mnotcus in MiLUMsrmis. 



0.4 



0.6 



0.6 



1.0 



1.2 



1.4 



1.6 



Conrecdon to be added in mfllunetan. 



o^3 

•47 



1.22 
0.65 

.28 
.20 



i:S 


X.98 

I.IO 

0.7S 


.56 


.40 


•53 

.38 


.29 


.21 


.28 


•15 


.20 


.10 


•14 


•07 


.10 


•04 


•07 



a-37 

a98 

.67 
46 

•33 

•13 
.10 



1.80 

1.21 

0.82 

.56 

.40 
.29 
.21 

•»5 
.12 



143 
0.97 

.40 
•33 

•13 



2. British Measurb. 



123 



1.6 



1.13 

0.77 
.52 

•37 

•27 
.19 

.14 



of tube 



Hbight op Mbniscus in iNcmt. 



JOl 



.02 



.03 



M 



.05 



.06 



.07 



Correction to be added in inches. 



-IS 
.20 

•25 

•30 

•35 
.40 

•45 
•50 
•55 



0.024 

..on 

.006 

.004 



.08 



0.047 


0.069 


0.092 


aii6 


^ 


^ 


.022 


•033 


.045 
.028 


.059 


ao78 


— 


.012 


.019 


•037 


.047 


0.059 


.008 


.013 
.008 


.018 


.023 


.020 
.018.' 


■035 


.005 


.012 


.015 


.022 


.004 


.006 


.008 


.010 


.0X2 


.014 


- 


.003 


.005 


.007 


.008 


.010 


- 


.002 


.004 


.005 


.006 


.006 


" 


.001 


.002 


x»3 


•004 


.005 



0.04^ 
.026 
.016 
.012 
.007 

.005 



* Tbe first table is from Kohlrsoach (Experimental Physics), and is baaed on the experiments of MendeleJe£F and 
(Jour, de Phys. Chem. Geo. Petersburg, 1877, or Wied. Beib. 1877). '^^ second table haa been calco* 
, from the aaine data by conTernon into indies and graphic interpobtiop. 







TABLB107.- 


-VUnu 


1 of Knosnr ItadMnHi Im Ob. MMl 


1 














Diameter of tube in mm. 










Hd^oC 
aientacas. 










































u 


15 


16 


»7 


18 


«9 


so 


31 


aa 


»3 


M 


nun. 
























1.6 


\i: 

206 


185 


214 


^5 


280 


318 


356 


398 


444 


492 


694 


i^ 
2.0 


2tl 

240 


244 
278 


281 


320 
362 


362 
409 


407 

460 


455 
5'3 


507 


1^ 
031 


2.2 


233 


271 


3«3 


406 


459 


5»5 


039 


704 


776 
850 
948 


24 


262 


f3^ 


350 


400 


454 


5" 


633 


708 


781 


2.6 


291 


jo 


444 


503 


565 


706 


782 


862 



Scheel and Heoae, Annalen der Physikt 33, p. a9if i9i«. 
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Table 108. 



AERODYNAMICS. 



The pressure on a plane surface normal to the wuid is for ordinaiy wind Telocities tspnm 

where >& is a constant depending on the units employed, to the mass of unit Toliime ol die 
a the area of the surface and v the velocity of the wind.* Engineers generally use the tab 
values of P given by Smeaton in 1759. This table was calculated from the formula 

P=i .00492 1^ 
and gives the pressure in pounds per square foot when v is expressed in miles per hov. 
corresponding formula when v is expressed in feet per second is 

/^^ .00228 «^. 

Later determinations do not agree well together, but give on the average somewhat k 
values for the coefficient The value of w depends, of course, on the temperature and the b 
metric pressure. Langley's experiments give kw=. 001(16 at ordinary barometric prewoe 
10° C. temperature. 

For planes inclined at an angle a less than 90*^ to the direction of the wind the pressure 1 
be expressed as /« = '^•^m- 

Table 108, founded on the experiments of Langley, gives the value of /^ for dififerent valiM 
a. The word tupecty in the headings, is used by him to define the position of the plane rehdh 
the direction of motion. The numerical value of the aspect is the ratio of the linear dimeo 
transverse to the direction of motion to the linear dimension, a vertical plane through wbi 
parallel to the direction of motion. 



TABLB 108. — ValiMS of F. 1b Bouttai ?c=Pa?8ei 



Plane 30 in. X 4.8 in. 
Aspect 6 (nearly). 


Plane la in. X la in. 
Aspect I. 


Plane 6 in. X 34 in. 
Aspect i. 


a 


Fa 


a 


y^ 


a 


/; 


00 

5 
10 

15 

20 

25 

30 

35 
40 

45 
50 


0.00 

0.28 
0.44 

a62 

0.66 
0.69 
0.72 

0.74 
0.76 

0.78 


00 

5 
10 

IS 
20 

25 

30 

35 
40 

45 
50 


aoo 
0.15 
0.30 
044 
0.57 

a? 

0.84 
0.91 


0® 

5 

10 

15 
20 

25 

30 


aoo 
0.07 

0.17 
a29 

0.43 

asS 
0.71 



* The following pressures in pounds per square inch show roughly the influence <^ the shape and sise of tfit t 
ing surface (Dinesr results). The wind veloaty was ao.9 miles per hour. The flat plates were | in. tlUck. 



Square, sides 4 in 1.51 

Circle, same area 1.51 

Rectangle, 16 in. by X 1.70 

Square, la in. sides 1.57 

Circle, same area i 55 

Rectangle, 24 in. by 6 1.59 

Square, sides 16 in !.$> 

Plate, 6 in. diam. 4! thick 1.45 

Ditto, curved side to wind ..«.•.... 0.9a 

Sphere, 6 in. diam 0.67 

Smithsonian Taslcs. 



Plate, 6 in. diam. 90^ cone at beck . . 
Same, cone in front 

" sharp 30^ cone at back .... 

'* cone in front . .^ 

Lin. Robinson cup on 8ft in. of | fai. rod 
ime, with back to wind 

9 in. cup on 6} in. of i in- rod .... 

Same, with back to wind 

2\ in. cup on 9] in. of \ in. rod ... 
Same, with back to wmd 



Table 100. 



"5 



AERODYNAMICS. 

On the basis of the results given in Table io8 Langley states the following condition for the 
laring of an aeroplane 76.2 centimeters long and 12.2 centimeters broad, weighing 500 grams, 
• that is, a plane one square foot in area, weighing i.i pounds. It is supposed to soar in a 
orizontal direction, with aspect 6. 



VABLB 109.- Data te tkt Soaxlag ol Flaias 7S.a X 12.2 oaa. mAgUag 600 Ofiaa, MPtot 6. 











Weight of planes of like 


ladnation 


Souing Bpeed «. 


Work expended per miattte 
UcUvityV 


form, capable of soaring 
at speea v with the ez- 
penditnre of one hone 


to tile hori- 










nntad a. 










Mcten per 


Feet per 
sec. 


Kilognun 
neterk 


Foot 
ponads. 


Kik)gnuuB. 


Ponnda. 


2® 


20.0 


66 


24 


174 


95.0 


209 


5 


15.2 


SO 


41 


297 


5SS 


122 


10 


12.4 


41 


II 


474 


77 


IS 


II.2 


37 


623 
1268 


26.5 


58 


30 


10.6 


35 


336 


•II 


29 


" 


II.2 


37 


2434 


15 



In general, if p= — ^ — 
Soaring speed v=s i/ ^. 



/kcosa 



Activity per unit of weight = v tan a 

The following data for curved surfeices are due to Wellner (Zeits. fiir LuftschifiKahrt, z., Oct 

1893)- 
Let die surface be so curved that its intersection with a vertical plane parallel to the line of 

Botion is a parabola whose height is about ^ the subtending chord, and let the surface be 

boanded by an elliptic outline symmetrical with the line of motion. Also, let the angle of incli- 

wdon of the chord of the surface be a, and the angle between the direction of resultant air 

pRSsore and the normal to the direction of motion be fi. Then /9 <a, and the soaring speed is 



'-^: 



-. while the activity per unit of weight = vtan /9. 



.^/icos3 
The following series of values were obtained from experiments on moving trains and in the 

lind. 



Angle of incUnation a= 


-f 


0° 


+ f 


e" 


9" 


12° 


Inclination factor Fa = 


0.20 


a50 


0.7s 


0.90 


1.00 


1.05 


tan/3 = 


aoi 


0.02 


ao3 


0.04 


0.10 


ai7 



Tbns a curved surface shows finite soaring speeds when the angle of mclination a is zero or even 
ifightly negative. Above a=i^ curved surfaces rapidly lose any advantage they may have for 
nail inclinations. 

twiiiimmii TaauES. 
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Tables 110-112. 

TABLBllC-rriotte. 



The required force F necessary to just move an object along a horisontal plane =^V where N ia the oonaal 
. on the plane and y the " coefficient of friction." Tlie angle of repose • (tan • = F/N) ia the angle at 
plane roust be tilted before the object will move from its own weight The following table of coefficients 
piled by Rankine from the results of General Morin and other authorhiw Mid is aaficieiit for ordiaaiy 



MateriaL 



Wood on wood, dry 

** ** ** soapy 

Metals on oak, dry 

" « " wet 

" " " soapy 

♦* " elm, dry . . . • . 

Hemp on oak, dry 

" " wet 

Leather on oak 

" ** metals, dry 

" •* "wet. . . . . 
** " " greasy .... 
" " « oily .... 

Metals on metals, dry 

" " ♦* wet 

Smooth surfaces, occasionally greased . 

continually greased . 
best results 

Steel on agate, dry * 

" - " oiled* 

Iron on stone 

Wood on stone 

Masonry and brick work, dry 

" *• " •* damp mortar 

** on dry clay 

" ** moist clay 

Earth on earth 

*' *' *' dry sand, clay, and mixed earth 
damp clay .... 
wet clay .... 
shingle and gravel 






« 



l< 


f< 


M 


u 


« 


« 


i< 


M 


« 



.35-.SO 

.20 

.5<H.6o 

.24-.26 

.20 
.20-.25 

•53 
.27-.38 

t 

•23 

.07-.08 

•03-036 
.20 

.107 

.'J0-.70 

About ^o 

.60-.70 

•74 

•SI 

•33 
.25-1.00 

•3»-^75 
1.00 



•31 
.81-1.11 



1// 



4XX>-2.00 

5-00 
2.00-1.67 

4-17-3-85 
5.00 

5.00-4.00 

1.89 

3.00 
3.70-2.86 

1.79 

2.78 

' Wi 

6.67-5.00 

3.33 
14.3-12.50 

20.00 

33-3-«7^6 
5.00 

9-35 

3^33->-43 
2.50 

1.67-143 

1.90 

3-00 

4.00-1.00 

^•63-i33 
1.00 

3-23 
1.23-0.9 



i4jO-26k5 

2d5^IwD 

i3-5-M.$ 
1 1.5 

11.5-14JO 

28.0 

18.5 ^ 

I5-0-I9-J. 
«9-5 

2Oj0 

8.S-II.S 
16.5 

4^0-4-S 
t.75-»jo 

6ki 
I6-7-3S* 

22X> 

33-^35« 

3^5 
37^ 

1S.25 

i4.o-45« 
2i4>-37« 

4S« 
39/>-4&0 



* Quoted from a paper by Jenkin and Ewing, " Phil. Trana. R. S." voL 167. In this paper it ia aboira 
where " static friction " exceeda " kinetic friction *' there is a gradual increiao of the cofffficient of fridiaa Hi 
speed is reduced towards sera 



TABLB 111. - LvMotBli. 

The best lubricants are in general the following: Low temperatures, light mineral lul 
oils. Very great pressures, slow speeds, graphite, soapstone and other solid lubricants. 
pressures, slow speeds, ditto and lard, tallow and other greases. Heafv pressures and high 
sperm oil, castor oil, heavy mineral oils. Light pressures, high speeos, sperm, refined peUw 
olive, rape, cottonseed. Ordinary machinery, lard oil, tallow oil, heavy mineral oils and 
heavier vegetable oils. Steam cylmders, heavy mineral oils, lard, tallow. Watches and ^-'*^ 
mechanisms, clarified sperm, neat*s-foot, porpoise, olive and light mineral lubricating oils. 

TABLE lia. — LaMotnti For OittlBff Voola. 



Material. 


Turning. 


Chucking. 


Drilling. 


MiUm! 


Reamiqf. 


Tool Steel, 


dry or oil 


oil or s. w. 


oil 


oil 


lardofl 


Soft Steel, 


dry or soda water 


soda water 


oil or 8. w. 


oil 


lard oil 


Wrought iron 


drv or soda water 


soda water 


oil or s. w. 


oil 


larddl 


Cast iron, brass 


dry 


dry 


dry 


dry 


diy 
muttm 


Copper 


dry 


dry 


dry 


dry 


Glass 


turpentine or kerosene 











Mixture = H crude petroleum, % lard oil. Oil = sperm or lard. 
Tatbles tit and 1 12 quoted from *' Friction and Lost Vf otk Va M.aidb!ixAr| vod U\U Work," Thurston, Wiley and 

StttTHBONIAM TaBLCS. 
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VISCOSITY. 
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The coefficient of viscosity is the tangential force per unit area of one face of a plate of the 
laid which is required to keep up unit distortion between the faces. Viscosity is thus measured 
in terms of the temporary rigidity which it gives to the fluid. Solids may oe included in this 
lefinition vrhen only that part of the rigidity which is due to varying distortion is considered. 
Doe of the most satisfactory methods of measuring the viscositv of fluids is by the observation of 
k- rate of flow of the fluid through a capillary tube, the length of which is great in comparison 
Kith its diameter. PoUeuille * gave the following formula for calculating the viscosity coeflicient 

|l this case : /a= — J^> ^o\ where r is the radius, / the length of tube through which the flow 

h measured, /, — /,, the pressure difference at the two ends of /, and v, the volume that flows 
ICTQss any section of the tube in a unit of time. See Hagenbach t and Gartenmeister }. The 
ftmensions of the coeflicient of viscosity are ML'^T^* 

The term *' specific viscosity " is sometimes used in the headin{[s of the tables ; it means the 
imtio of the viscosity of the fluid under consideration to the viscosity of water at a specified tern- 
ferature. 

(t) VaztatloB of Vlsotitty of Wal«, wltli TsBpfsatm. Dyasi psr tq. em. 





Poise viUe. 


Sprung. 


Slotte. 




1846. 


1876. 


. »8«3. 


o« 


aoi7i6 


0.01778 


0.01808 


5 


X)i5i5 


.01510 


.01524 


10 


•01309 


.01301 


.01314 


"S 


.01146 


•0113s 


.01144 
.01008 


20 


.oiooS 


.01003 
X)o896 


25 


.00897 


.00896 


50 


.00803 


.00802 


.00803 


35 


.00721 


.00723 


.00724 


40 


•00653 


.00657 


.00657 


45 


.00595 


.00602 


.00602 


SO 


** 


•00553 


•00553 



Thorpe- Rogers. 
1894.$ 



aoi778 
.01510 

.01303 

.01134 
.01002 
.00891 
.00798 
.00720 
.00654 

.00597 
.00548 



Hosking. 

'909-II 



I 



0.01793 
.01522 
.01310 
.01142 
.01006 
.00893 
.00800 
.00724 
.00657 
.00600 
.00550 



EJ 



S 



65 
70 

v> 

80 

85 

90 

95 
100 

153 



Slotte. 
Z883. 



0.00510 
.00472 
.00438 
.00408 
.00382 
.00358 
.00337 
.00318 
.00301 
.00285 



Thorpe-Rogers 
1894. 



0.00506 
.00468 
.00436 
.00406 
.00380 
.00356 

•0033$ 
.00316 

.00299 

.00283 



HoskioK. 

I9U9-II 



.00508 
.00469 
.00436 
.00406 
.00380 
.00356 

•00335 
.00316 

.00300 

.00284ir 
.00181^ 



(b) YsitaUai of Speolfio Vlsoosity of Wator wltk Tompomtiizo. 





I/XX) 


2f 


0.498 


50** 


a307 


l^ 


0.212 


100® 


t 


•849 


30 


.446 


^ 


.283 


80 


'^^ 


124° 


Id* 


.730 


35 


404 


.262 


85 


.187 


153^ 


!5 


.637 


40 


.367 


65 


.220 


90 


.176 




2CF 

■ 


•561 


45 


•335 


70 


95 


.167 


' 



0.158 

.I24t 
.lOlf 



• " Comptas rendos,'* toI. 15, 184a ; '* M^m. Senr. £tr.** 1846. 
i**Poa- Ann." vol. 109, i860. 
i"Zettschr. Phys. Chem.''Tol. 6, i8go. 

{Thorpe and Rogers, " Philos. Tnios.'* 185 A, p. 397, 1894; "Proc. Roj. See." 55, p. X4S, 1894. 
HosUng, Phil. Ma^. 17, p. 50a, 1909; tS, p. 360^ 1909. 
^de Haas, Diss. Leident 1894. 
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Tables 114-116. 



VISCOSITY. 
TABLB 114.-Mltl«B d AlMiol iB Wil«.« 



Co eflkien ti of Tiacodtj, in C. G. S. naits, for ■olntion of alcohol in water. 



Temp. 
C. 


Percentage by weight of alcohid in the mixture. 





S.ai 


16.60 


34.58 


43-99 


53-36 


75.75 


87-45 


99-7» 


0° 

5 
xo 

'5 

20 

25 

30 

35 
40 

45 
50 


O.O181 
.0152 
•01 31 
.0114 
.0101 

0.0090 
.0081 
.0073 
.0067 
.0061 

0.0056 
.0052 
.0048 


0.0287 
.0234 
.0195 
.0165 
X>142 

0.01 27 
.OIO^ 
.0096 
.0086 
.0077 

0.0070 
.0061 
.0058 


0.0453 
.0351 
.0281 
.0230 
.0193 

0.0163 
.0141 
.0122 
.0108 
.0095 

0.008c 
.0070 
.0069 


0.0732 
.0558 

•0435 
.0347 
.0283 

0.0234 
.0196 
.0167 

.0143 
.0125 

0.0109 
.0096 
.0086 


0.0707 

.0552 
.0438 

!o286 

0.0241 
.0204 
.0174 
.0150 
.0131 

0.01 15 
.0102 
.0091 


ao632 
.0502 
.0405 

•0332 
.0276 

0.0232 
.0198 
.0171 
.0149 
X)i30 

0.01 1 5 
.0102 
.0092 


0.0407 

.0344 
.0292 

.0250 

.0215 

0.0187 
.0163 

.0144. 
.0127 

.0113 

aoio2 
.0091 
.0083 


ao294 
.0256 
.0223 

•0195 
.0172 

0.0152 

•0135 
.0120 

.0107 

.0097 

0.0088 
.0086 

•0073 


0.0180 
.0163 
.0148 
.0134 
.0122 

OX>lIO 

.0100 
.0092 

.0084 
•0077 

0.0070 
.0065 
.0060 



The following Ubles (115-116) contain the results of a number of experiments in the ▼iscodty of 

from petroleum residues and used for lubricating purposes.! 



oOs 



TABLB 116. -mBMll 01lB.t 



TABLB 116. -Oil!. 



I 


° Flashing 
P point. 


Burning 
P point. 


Sp. viscosity. Water at 
aoo C. = I. 


aoOQ 


50OC. 


looOC. 


•931 

.921 
.906 


243 
216 

189 


274 
246 

208 


- 


11.30 
7.31 

3-45 


2.9 

2.5 

1-5 


.921 

.917 


163 
132 


190 
168 


- 


27.80 


2.8 
2.6 


.504 
.891 
.878 

.855 


170 

108 
42 


207 
182 
148 

45 


8.65 

4.77 
2.94 

1.65 


2.65 
1.86 
1.48 


X.7 
1-3 


i 


165 

139 
90 


202 
270 
224 


7.60 
2.50 


3.10 
3.60 
1.50 


1-5 
1-3 





^ 


.c e 


■h 


« « •* 


Oil 




Ml 


ii 






^ 


«>c. 
227 


274 


00 


Cylinder oil . . 
Machine oil . . 


.917 


191 


.914 


148 


260 


I02 


Wagon oil . . 


.914 


182 


80 


m m 


.911 


rs7 


187 


70 


Naphtha residue 


.910 


>34 


162 


55 


Oleo-naphtha . 


.910 


219 


257 


121 


it u 

• 


.Q04 


201 


242 


66 


« « 

• 


.894 


184 


222 


26 


Oleonid . . . 


.884 


185 


217 


28 


« best 










quality 


.881 


188 


224 


20 


Olive oil . . . 


.916 
.879 


_ 


_ 


22 


Whale oil . . 


— 


— 


t 


• • 


.875 


" 


" 



• This table was calculated from the table of fluidities riven by Noack (Wied. Ann. vol. a/, p. sit), and shows a 
maximum for a solution containing about 40 per cent of alcohol. A similar result was obtained for solutions of acetic 
acid. 

paper by 
viioonty a Tery 




t The (u£FerBnt groups in this table are £rom different residuea. 
Smitnsoiiian Tables. 
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legrres 



miicellioeoiu data aa to the visoosity of liquids, moatly referring to oils and paraffins. The 

▼iacoeities are in C G. S. units. 



Liquid. 



imonia 



sol . 

ophonium 

sthyl ether 

cerine 
« 

«4 
M 

a 



cerine and water 



M 
M 
•* 

col . 

ithol, solid 
' liquid 



« 



rnry* 



M 
U 

M 



e oil 

iffins: Decane 
Dodecane 
Heptane 
Hexadecane 
Hezane 
Nonane 

Octane 

Pentane 

Pentadecane 

Tetradecane 

Tridecane 

Undecane 

oleam (Caucasian) 

DOl • • 

e oil • 



G.% 



04,46 
80.31 
64.05 

49-79 



Coefficient 

of 
viscosity. 



0.0160 
0.0149 

. 0.01 1 1 

3X10" 

000276 

42.20 
25.18 
i}87 

8.30 

4.94 

7.437 
1. 02 1 

0.222 

0.092 

ao2i9 

209 X io»o 
0.069 

0.0184 
0.0170 
0.0157 
0.0122 
0.0102 
0.0093 

0.1878 

0.9890 

0.0077 
0.0126 
0.0045 

0.0359 
0.0033 

0.0062 

0.0053 
0.0026 
0.0281 
0.0213 
0.01 55 
aoo95 

0.0190 

0.127 

25.3 
3.85 



Temp. 
Cent.o 



1.6 



^ 



1 1.9 
14.5 

20.0 

15. 
6.^7 

2.8 
8.1 

H.3 
20.3 

26.5 

5-5 
5-5 

8.5 

0.0 

14.9 
349 

—20 

0.0 

20.0 

100.0 

200.0 

300.0 

20.0 

150 

22.3 

23.3 
24.0 

22.2 

23-7 
22.3 

22.2 
21.0 
22.0 
21.9 

23.3 
22.7 

»7.5 
18.3 

ao 
10.0 
2ao 
30.0 



Authority. 



PoiseuUIe. 
«« 

Gartenmeister. 
Reiger. 

Thorpe, Roger. 
Schottner. 

t4 
«i 
« 
M 

« 

«« 
« 

Arrhenius. 

Heydweiller. 
*( 

Koch. 

M 
« 
«« 
«« 
<4 

Gartenmeister. 
Brodmann. 
Bartolli & Stracdati 



<4 
« 

« 
•< 

(« 
<l 
« 
14 
«< 
« 



(4 
44 
« 
14 
4< 

44 
44 
44 
44 
44 
44 



Petroff. 

Scarpa. 

O. E. Meyer. 
44 

44 

44 



Jtfad from the fonmila i»=.oi7 — .000066/+ .ooooooai/* — . 



15^ (Tide Koch, Wied. Ana. vol. t^ 
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VISCOSITY OF SOLUTIONS. 



Thw tabic m UiteDded to show the effect of change of cocicentntion and change of temperatuTc on the viaooslty of 
aohitioiia of nits in water. The specific viscosity X 100 is given for two or more densities and for several tain* 
peraturea in the case of each solution. |a stands for specific ^naooaity, and / for temperatuxc Centigrade. 



L 










■MHM 




^^^ 








^^^ 






Salt. 


Percentage 
by weight 
of salt in 

solution. 


Density. 


ii 


i 


f» 


t 

30 
II 

M 


P- 


/ 


1^ 


/ 


Aathority. 




BaCli 

M 
<• 


7.60 
15.40 

24.34 


- 


100.7 


10 
a 


44-0 
56.0 

66.2 


39-6 
47-7 


50 

w 
II 


- 


- 


Sprung. 
II 

II 


1 


Ba(NOa), 

M 


2.98 
5-24 


1.027 
1x351 


62.0 
68.x 


15 

it 


51.x 
54-2 


25 
M 


42.4 
44.1 


35 

41 


34-8 
36.9 


45 
44 


Wagner. 


f 

1 

1 

■ 

1 


CaCls 

M 
M 
«< 


15.17 
31-69 

39-75 
44-09 


- 


1 10.9 
272.5 
670.0 


10 

M 
W 


71-3 
177.0 
379-0 
593-1 


3? 

11 
II 


50.3 
124.0 

245-5 


50 
II 

II 

II 


- 


- 


Sprang. 
II 


' ■ 


C.(NO,), 

<« 
U 


17-55 
30.10 

40.13 


1. 171 


93-8 
144.x 
242.6 


u 


74.6 
XI 2.7 
217.X 


U 


60.0 

90.7 
156.5 


3} 

II 


49-9 
128.1 


1? 

II 


Wagner. 
II 




CdClfl 

u 


11.09 
16.30 
24-79 


1.109 
1.181 
1.320 


104.0 




6a5 

70.5 
804 


II 


49.1 


3? 

II 


40.7 
47.2 

53.6 


1? 

II 


<i 

M 
II 




Cd(NO,)« 

•« 
M 


7.81 
15.71 
22.36 


1.074 
1.159 
1.241 


61.9 

71.8 

85.x 


'J5 

II 


50.x 
58.7 
69.0 


25 
II 

M 


41.1 
48.8 

57.3 


35 

14 
II 


34.0 
41.3 
47-5 


1? 

II 


a 
«i 
« 




CdS04 
ii 

1 M 


22.01 


1.068 


78.9 
96.2 

120.8 


II 


6x.8 
724 
91.8 


II 


73-5 


35 
II 

II 


^13 
48.8 

60.1 


1? 

II 


M 
M 
II 




CoCli 

M 
M 


22.27 


1.081 
1.161 
1.264 


83-0 

III.6 
161.6 


15 

M 
41 


65.x 

85.1 

12S.6 


II 


53-6 
101.6 


35 

14 
II 


85.6 


14 


II 
14 
M 




Co(NOi), 

M 

a 


8.28 
15.96 

24-53 


1.073 

1.144 
1.229 


87.0 
1 104 


II 


57-9 
88.0 


II 


48.7 
55-4 
71.5 


35 

II 


39.8 
44,9 

59-1 


45 

41 
II 


II 
M 
M 




C0SO4 

M 

m 


7.24 
14-10 
21.17 


1.086 
1.159 
1.240 


86.7 
X17.8 

193-6 


II 


68.7 

95-5 
146.2 


II 


55-0 

76.0 

113.0 


35 
II 

14 


61.7 
89.9 


45 

44 

II 


M 
<l 

« 




CaClf 

M 
M 


12.OX 

21-35 
3303 


1. 104 
1.215 

X.33X 


87.2 
121.5 
1784 


•J! 

II 


67.8 

95-8 

137-2 


II 


55-1 
77.0 

107.6 


35 
II 

M 


45-6 
63.2 

87.1 


45 

44 
14 


M 
II 

M 




Cu(NOg)« 

M 


46.71 


1.177 
1.26^ 


97-3 
126.2 

382.9 


15 
it 

M 


76.0 

98.8 

283.8 


II 


61.5 
80.9 

215-3 


35 
II 


X72.2 


45 

41 


« 
<l 
II 




CoSOi 
«< 

M 


6.79 

12.57 
17.49 


1.055 
1.X15 
1. 163 


70.6 

98.2 

124.5 


II 


61.8 
74.0 
96.8 


II 


49.8 
59-7 
75-9 


3? 

II 


414 
52.0 
61.8 


45 
44 

41 


II 
II 
II 




Ha 

M 
M 


8.14 
16.12 

2304 


1.037 
1.084 
1.114 


80.0 
91.8 


'5 

M 


SI 

79-9 


25 
«i 

II 


48.3 
56.4 

65.9 


35 
11 

44 


40.1 
48.1 
56.4 


1? 

II 


M 




HgCl, 

1 " 


0.23 

3-55 


T.002 
1-033 


76.75 


10 


58.5 
59.2 


20 
II 


46.8 
46.6 


30 

(4 


38.3 
38.3 


40 
41 


M 

U 
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Salt. 


Percentage 

by weight 

of salt in 

solution. 


Density. 


^ 


/ 


M 


25 

M 
i« 


1^ 


35 

•4 
M 


** 


/ 




HNOs 

M 
M 


8-37 

I2.20 
28.31 


1.067 
1. 116 
I.178 


66.4 

69.5 
8a3 


>5 
•« 

c« 


54.8 
65.5 


45-4 
47.9 
54-9 


37.6 
40.7 
46.2 


45 
44 

44 


Wag« 

44 

44 


H2S04 

M 


7.87 
15.50 

2343 


1.065 

1. 130 
1.200 


77.8 

95.1 

122.7 


« 


61.0 

75.0 
95.5 


IS 

M 


C0.0 
005 
77.5 


35 

•4 

u 


^3 


45 

4* 
<t 


M 
tt 

U 


KCl 

« 


10.23 
22.21 


- 


70.0 
7ao 


10 
« 


46.1 

48.6 


30 


% 


Sf 


- 


- 


Sprang 

*4 


KBr 

a 


14.02 
23.16 
34-64 


^ 


67.6 
66.2 
66.6 


10 

M 


44.8 

44-7 
47-0 




32.1 
33-2 
35-7 


M 


- 


^ 


M 
tt 


KI 
if 

« 

M 
M 


8.42 
17.01 

33-03 
45-98 
54.00 


- 


^5 

63.0 
^.8 


10 
(1 

M 
M 
4< 


44.0 

42.9 
42.9 

48^5 


M 
M 

a 


313 
3M 
3^-4 

35-3 
37-5 


M 

•1 
M 


- 


- 


« 
M 
U 
tt 


KClOs 


5.69 


- 


7^-7 


10 

. M 


44.7 
45.0 


30 
« 


315 
3M 


s? 


- 


- 


« 


KNOs 


6.32 
12.19 
17.60 


^ 


68.7 
68.8 


10 
It 

« 


44.6 
44.8 
46.0 




31.8 
32.3 
33-4 


SO 

44 
M 


^ 


^ 


M 
M 
N 


KaSO* 


5-17 

9-77 


- 


81.0 


10 
« 


48.6 
52.0 


?> 


34.3 
36.9 


s? 


- 


- 


U 

M 


KjCrOi 
« 


"-93 
19.61 

24.26 
32.78 


1-233 


75.8 

85.3 

97.8 

109.5 


10 
<l 

«l 

11 


62.5 
68.7 


30 

W 
M 


41.0 
47-9 


40 

« 

44 
4( 


- 


- 


M 
tt 

Slotte. 
Sprung 


KsCrsO? 


4.71 
6.97 


1.032 
1.049 


72.6 
73-1 


10 


55.9 
56.4 


20 

M 


45-3 
455 


* 


37.5 

37-7 


40 
41 


Slotte. 
« 


LiCl 

4< 
M 


7.76 

13-91 
26.93 


__ 


96.1 
121.3 
229.4 


10 
« 

(1 


59.7 

75.9 
1 42. 1 


M 


52.6 
98/) 


44 


^ 


^ 


Sprung 

« 


Mg(NOs)a 
(1 


18.62 

34.19 
39-77 


1. 102 
1.200 
1.430 


99-8, 
213-3 
3»7-o 


15 

« 


81.3 
164.4 
250.0 


« 


66.S 

i3»-4 
191.4 


35 
44 

44 


56.2 
100.9 
158.1 


•4 


Wagne! 

« 


MgS04 


4.98 
9.50 

19-32 


^, 


96.2 

130.9 
302.2 


10 
It 


59.0 

77-7 
166.4 


30 
if 

<f 


40.9 

53.0 
106.0 


SO 

M 
M 


- 


^ 


Sprung. 

« 

tf 


MgCrO* 
« 


12.71 
21.56 
27.71 


1.089 
1. 164 
1.217 


111.3 
1 67. 1 
232.2 


10 


84.8 

125.3 
172.6 


20 
<t 

<« 


67.4 
99.0 

133-9 


30 

«4 
. 44 


SS-o 
106.6 


40 
44 

44 


Slotte. 

i4 
M 


MnCIs 
« 

a 


8.01 
15.65 

3033 
40.13 


1.096 
1. 196 

1.337 
1.453 


92.8 

130-9 
256.3 
537.3 


15 


71.1 
104.2 
193.2 
393.4 


25 
f« 

4f 


57-5 
84.0 

155.0 
3004 


35 
«i 

44 

44 


48.1 
68.7 

123.7 
246.5 


45 

44 
44 
44 


Wagna 

M 
M 
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Percentage 






















Salt. 


by weight 
of salt in 
•olution. 


Density. 


M 


/ 


»* 


i 


M 


t 


M 


/ 


Authority. 


Mn(N08)s 

M 


18.31 
29.60 


1.148 

1-323 
1.506 


96.0 

396^ 


15 

4t 


76.4 
126.0 


104.6 


35 
II 


^i 


1? 


Wagner. 
II 


U 


49-3^ 


U 


3OI.I 


II 


221.0 


M 


188.8 


II 


M 


MDSO4 


'1*5 


1.147 


120.4 
228.6 


15 


98.6 


25 


78.3 


35 


63-4 


45 


«f 


M 


18.80 


1.251 


i« 


172.2 


II 


137.1 


II 


107.4 


II 


U 


M 


22.08 


1.306 


661.8 


«4 


474.3 


II 


347-9 


II 


266.8 


II 


U 


NaCl 


7-95 


* 


82.4 

94.8 

138.3 


10 


52.0 
60.1 


30 


31-8 


50 


- 


— 


Sprang. 


u 


14-31 


— 


«« 


II 


36-9 


II 


- 


- 


M 


(« 


23.22 


— 


M 


79.4 


M 


47.4 


II 


~ 


— 


a 


NaBr 

M 


n 


- 


1^1 


10 

<4 


48.7 
01.7 


^ 


^ 


«• 


- 


: 




a 


27.27 


— 


95-9 


U 


II 


43-8 


II 


— 


— 


M 


Nal 


8.83 


- 


73J 


10 


46.0 


30 


324 


50 


.- 


— 


u 


M 


17.15 


— 


^0 


u 


47-4 


II 


33-7 


II 


- 


- 


u 


M 


35-69 


- 


u 


98.4 


M 


40.6 
66.9 


II 


- 


- 


i< 


M 


55-47 


-■ 


157.2 


II 


II 


M 


— 


— 


■( 


NaClOs 


11.50 


— 


K 


10 


55-2 


30 


35-3 


50 


• 


— 


II 


(« 


20.59 


— 


II 


56.8 


II 


40.4 


•1 


— 


- 


M 


M 


33-54 


— 


121.0 


II 


75-7 


II 


53-0 


II 


— 


— 


M 


NaNOs 


7.25 


- 


75.6 

81.2 


10 


47-9 


30 


33-8 
36.1 


50 


— 


— 


M 


M 


"•35 


— 


II 


51.0 


II 


II 


— 


— 


a 


tt 


18.20 


- 


87.0 


II 


55-9 
76.2 


11 


39-3 


II 


- 


- 


M 


« 


3i-!55 


■" 


121.2 


i( 


II 


53-4 


M 


~ 


— 


u 


Na«S04 


4.98 


— 


96.2 


10 


59.0 


30 


40.9 


50 


- 


— 


14 


M 


9.50 


— 


130.9 
187.9 


II 


77-7 


II 


53-0 


II 


— 


— 


u 


M 


14.03 


— 


II 


107.4 


II 


71.1 


II 


— 


- 


M 


M 


19-32 


— 


302.2 


II 


166.4 


II 


106.0 


II 


— 


— 


M 


NaflCr04 


5.76 


1.058 


85.8 


10 


66.6 


20 


53-4 
03-5 


30 


43-8 


40 


Slotte. 


M 


ia62 


1.II2 


103-3 


II 


79-3 


II 


II 


52-3 
63.0 


II 


M 


M 


14.81 


I.164 


127.5 


M 


971 


u 


77.3 


M 


II 


M 


NH4CI 


1% 

15.68 


. 


71-5 


10 


45-0 


30 


31-9 


50 


- 


- 


Sprung. 


M 
M 


^ 


69.1 
673 


II 

M 


46.2 


II 
II 


32.6 
34-0 


II 
M 


^ 


^ 


II 

u 


a 


23-37 


— 


67.4 


II 


47-7 


M 


36.1 


II 


— 


— 


a 


NH4Br 


15-97 


> 


65.2 


10 


43-2 


30 


31-5 


50 


— 


— 


M 


u 

M 


n 


- 


62.6 
62.4 


II 
II 


43-3 
44-0 


II 
II 


32.2 
34.3 


M 
II 


- 


- 


M 
M 


NH4NO4 


5-97 


— 


69.6 


10 


44.3 


30 


31.6 


SO 


-. 


— 


tt 


M 


12.IQ 
27.08 


- 


66.8 


u 


44.3 


M 


31-9 


II 


- 


- 


<4 


M 


- 


67.0 


i« 


47-7 


II 


^l 


II 


- 


- 


U 


•< 


37-22 


- 


V'7 


II 


63-3 


II 


II 


— 


- 


M 


•4 


49^3 


— 


81.1 


II 


II 


48.9 


II 


— 


— 


U 


(NH4)aS04 


8.10 


— 


107.9 


10 


52.3 
60.4 

74-8 


3? 


37-0 


SO 


- 


— 


« 


u 


15-94 


- 


120.2 


w 


II 


43-2 


a 


- 


- 


M 


u 


25.51 




148.4 


M 


M 


54-1 


<i 






M 
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Salt. 


Pereeutage 

by weight 

of salt an 

solution. 


Density. 


» 


/ 


|ft 


t 


f^ 


/ 


** 


t 


Aotbofi^. 


(NH4),Cr04 
« 


10.52 

1975 
28.04 


1-063 
1. 120 

I-X73 


m 

101. 1 


10 

u 

M 


624 

70.0 
80.7 


20 

14 
tt 


60.8 


3? 


42.4 
56.4 


40 


Slotte. 

4C 


(NH4)sCriOT 

u 


6.85 
13.00 

1993 


1.030 
1.078 
1. 126 


72.6 
77.6 


10 

M 


56.3 


20 
II 

II 


48.7 


41 


38.0 

39-1 
40.9 


40 

u 
41 




NiCls 

u 


"•45 
22.69 

30.40 


I.I09 
1.226 

1-337 


90.4 
140.2 
229.5 


«f 


7ao 
109.7 
171.8 


i< 


'39-2 


35 
II 

44 


48.2 

727 
111.9 


IS 

44 


Wagner. 

M 


Ni(NO,), 
(1 

II 


16.49 
30.01 

40.95 


1.136 
1.278 
1.388 


907 

135-6 
222.6 


M 


70.1 
105.9 
169.7 


25 

M 
44 


85.5 
128.2 


M 


48.9 

70.7 

1524 


45 

M 
44 


m 

M 
M 


NiSO* 
II 

II 


10.62 
18.19 

25-35 


1.092 
1. 198 
i-3«4 


94.6 

154.9 
298.5 


<l 


73-5 
1 19.9 

224.9 


41 


60.1 

99-5 
1730 


35 
II 

41 


49-8 

75-7 
1524 


IS 

44 


M 

U 
U 


Pb(NO,), 
II 


17-93 
32.22 


1.179 
1.362 


74.0 
91.8 


»5 
II 


59.1 
72.5 


25 
44 


48.5 
59-0 


35 

11 


40.3 
5a6 


IS 


M 
M 


Sr(NO,), 
II 

11 


10.29 
21.19 
32.61 


1.088 
1. 124 

1-307 


693 

87.3 
116.9 


<i 


56.0 
69.2 

93-3 




57.8 
76.7 


3Ji 

14 


62.3 


45 

M 
4( 


44 
4« 


ZnClt 

(1 

II 


15-33 
23-49 
3378 


1.146 
1.229 

I-343- 


93-6 
III. 5 

151.7 


II 


117.9 


25 
II 

44 


1^1 

90.0 


IS 

41 


48.2 
72.6 


45 

M 
41 


(4 
44 

44 


Zn(NO,), 

II 
II 


15-95 
3023 

44.50 


1. 115 
1.229 

1-437 


80.7 

104.7 
167.9 


15 

41 

y 


64.3 
85.7 
130.6 


IS 

41 


52*6 

69.5 
105.4 


3? 

44 


43-8 

57-7 
87.9 


45 
•I 

14 


44 


ZnSOi 

(1 

M 


7.12 
16.64 
23-09 


1. 106 
1.105 
1.281 


156.0 

232.8 


15 
II 

14 


118.6 

177-4 


25 

II 

41 


62.7 
94.2 

1352 


35 

41 
II 


51-5 

loi.i 


45 

4« 
41 
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DiMolTcd aalt. 



Adds : CIsOa . 
HCl . . 
HClOa . 
HNOi . 
H,S04 . 

Alaminium sulphate 

Baiiiim chloride . 

** nitrate . 

Calcium chloride 

•* nitrate * 

Cadniiani chloride 

•• nitrate 

*' sulphate 

Cobalt chloride . 

** nitrate . 

** sulphate . 

Copper chloride . 

" nitrate . 

*' sulphate 
Lead nitrate . . 
Lithium chloride 

** sulphate 

Magnesium chloride 

*• nitrate . 

** sulphate 

Manganese chloride 

•• nitrate . 

" sulphate 

Nickel chloride . . 

*• nitrate. . . 

" sulphate . . 

Potassium chloride . 

" chromate 

" nitrate . 

** sulphate 

Sodium chloride . 
" bromide . 
" chlorate 
** nitrate . 

SilTer nitrate . . 



Strontium chloride 

•* nitrate 

Zinc chloride . . 

" nitrate . . 

" sulphate . . 



Nonnal solution. 



a 
Q 



•0563 
.0177 
.0485 

•0332 
•0303 



jo^cg 




.0446 

.0596 

•0779 
•0954 
•0973 

^571 
.0728- 

.0750 

.0624 

0755 
0790 

1380 

0243 

0453 

1375 
0512 

0584 

0513 
0690 

^28 

.0591 

•0755 
•0773 
.0460 

•0935 
.0605 

.0664 

.0401 
.0786 
.0710 
.05154 
.1386 

.0676 
.0822 
.0590 
.0758 
.0792 



1 

05 T 



.012 
.067 
.052 
.027 
.090 

.406 
.123 

.156 
.117 

•134 
.165 

.348 
.204 
.166 

•354 

.205 
.170 

•358 
.101 

.142 

.290 

.201 
.171 

'3^ 
.209 

.183 
.364 



.205 

.180 

.361 

0.987 

"3 
0.97 s 

.105 

.097 
.064 
.090 
.065 
.058 

.141 

.189 
.164 

.367 



i normal. 



1 



.0283 
.C092 
.0244 
.0168 
.0154 

.0278 

•044» 
.0518 

.0218 

•0300 

•0394 
.0479 

.0487 

.0286 

.0369 

•0383 

•03 J 3 
.0372 

.0402 

0.0699 

.0129 

.0234 

.0188 
.0259 
.0297 
.0259 

•0349 
.0365 

.0308 
.0381 

•0391 

•0235 

•047S 
.0305 

•0338 

.0208 
.0396 

•0359 
.0281 

.0692 

•0336 
.0419 

.0302 

.0404 

.0402 




1*003 
1.034 
1.025 
1.011 

1.043 

1.178 
1.057 
1.044 
1.076 

1053 

1.063 
1.074 
I.157 
1.097 
1.075 
1.160 

I.I 

I.050 

1. 160 
1.042 
1.066 
II37 

1.094 
1.082 
1. 164 
1.098 
1.087 
1. 169 

1.097 
1.084 

1. 161 
0.987 
1-053 
0.982 
1.049 

1.047 
1.030 
1.042 
1.026 
1.020 

1.067 
1.049 

1.086 

I-I73 



I normal. 



.0143 
.0045 
.0126 
.0086 
.0074 

.0138 
.0226 
.0259 

•01 05 

.0151 

.0197 
.0249 
.0244 
.0144 
.0184 
.0193 

.01^8 
.0185 
.0205 

•0351 
.0062 

.0115 

.0091 
.0130 
.0152 
.0125 
.0174 
.0179 

.0144 
.0192 
.0198 
.0117 
.0241 
.0161 
.0170 

.0107 

.OIQO 
.0180 
.0141 
.0348 

.0171 
.0208 
.0152 
.0191 
.0198 




.000 

J017 
.014 
.005 

.022 

.082 
.026 
.021 
.036 
.022 

.031 
.038 
.078 
.048 
.032 
.077 

.047 
JO4O 
.080 
.017 

.031 
.065 

.044 
.040 
.078 
.048 

•043 
.076 



044 
042 

075 
0.990 

.022 

0.987 

.021 



.024 
.015 
.022 
.012 
.006 

■034 
.024 

•053 

.039 
JC&2 



I normal. 



.0074 
.0025 
.0064 
.0044 
•0035 

.0068 
.0114 
.0130 
.0050 
xx)76 

.0098 
.0119 
.0120 
.0058 
.0094 

.0X10 

'O077 
.0092 

.0103 

.0175 

.0030 

.0057 

.0043 
.0066 
.0076 
.0063 
.0093 
.0087 

.0067 
.0096 
.0017 
.0059 
.0121 
.0075 
.0084 

.0056 
.0100 
.0092 
.0071 

•0173 

.0084 
.0104 
.0077 
.0096 
.0094 




0.999 
009 
006 

.038 
.01 



.017 
.008 

.020 
.018 

•033 
.023 

.oj8 
.040 

.027 
.018 
.038 
.007 
.012 
.032 

.021 
J020 
.032 
.023 
.023 

•037 

.021 
.019 
.032 

0.993 
.012 

0.992 

.008 



.013 
.008 
.012 
.007 
.000 

.014 
.011 
.024 
.019 
.036 



Aathority. 



Reyher. 



« 
« 



Wagner. 



CI 
M 
l< 
N 
« 

(I 
M 
M 
«« 
M 
M 

<« 
« 
<C 
(« 
M 
M 

U 
« 
<l 
U 
« 
f< 

<( 
M 
IC 
« 
U 
U 
« 



Reyher. 



u 



M 



Wagner. 



M 
« 
<f 
M 
U 



* In the case of solations of salts it has been found (vide Arrhennitis, Zeits. fUr Phys. Chem. vol. x, p. 385) that 
die tptd&c viscosity can, in many cases, be nearly expressed by the equation ju =Mi*i where fit is the spednc viscosity 
for a normal solution referred to the solvent at the same temperature, and n the number of ^mme molecules in the 
sot a t i uu under considentioo. The same rule may of course be applied to solutions stated m percentages instead of 
imuiie molecules. The table here given has been compiled from the results of Reyher (Zeits. fiir Phys. Chem. vol. a, 
Pb 749) and oi Wagner (Zeita. fOr Phys. Chem. vol. 5f p* 31) and illustrates this rule. The numbers are all for 95° C- 
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Table 121. -VISCOSITY OF OASES AND VAPORS. 


1 


The values of fi given in the table 


„.^»«^„«-.-*«„.caa-| 


SubsUnot. 


Temp. 


M. 


Kttw 

eooe. 


Substanos* 


XdBp. 


f^ 


»| 


Acetone 


18.0 


78. 


I 


Chloroform 


0.0 


95-9 


I ■ 


Air 




-21.4 


163.9 


2 


44 


174 


102.9 


** 1 


«« 

• • < 




0.0 
15.0 


^73-3 
180.7 


M 


44 

Ether ! 


61.2 

OjO 


189.0 
68.9 


3 1 

I ■ 


u 

• • 

«« 

• • 




182.4 


220.3 
255-9 


U 


44 
44 


16.I 
36.5 


73-2 
79-3 


1 
* 1 


• • 




302.0 


299-3 


(« 


Ethyl iodide ! 


72.3 


216.0 


3 1 


Alcohol: Methyl , 




66.8 


135- 


3 


Hehum 


0.0 


189.1 


5 I 


Ethyl 




78.4 


142. 


u 


44 


184.6 


1969 


■I ■ 


** Propyl, norm. 
** Isopropyl 


n 


142. 
162. 


«4 
M 


44 


2^.8 
269.9 


1 

a 1 


" Butyl, norm. . 


1 16.9 


"43- 


M 


Hydrogen . 


-20.6 


81.9 


2 1 


" Isobutyl . 


108.4 


144- 


U 


44 


15.0 


88.9 


M ■ 


" Tert. butyl . 


82.9 


i6a 


U 


44 


99.2 

182^ 


105.9 


M H 


Ammonia 


ao 


^• 


4 


44 


121.5 


a ■ 


«< 
Argon . 




20.0 
0.0 


108. 
210.4 


5 


44 

Mercury . 


302.0 

27ao 


139.2 
489^* 


« ■ 
S 1 


it 




14.7 


220.8 


(4 


44 


300-0 


532,» 


44 ■ 


•( 




»7.9 


224.1 


44 


«4 


330.0 


582.» 


«4 I 


M 




1^7 


2733 


<l 


44 


360.0 


S27* 


44 1 


14 

1 




322.1 


44 


14 


390^ 


671.* 


44 H 


Benzole 




19.0 


79- 


6 


Methane . 


20.0 


i2ai 


4 1 






loao 


118. 


41 


Methyl iodide . 


440 


232. 


3 1 


Carbon bisulphide 
" dioxide . 


16.9 
-20.7 


92.4 
129.4 


I 

2 


** chloride 

41 M 


15.0 
302.0 


105.2 

213.9 
156.3 


2 ■ 
1 


«< M 


15.0 


1457 
186.1 

222.1 


14 


Nitrogen . 


-21.5 


7 1 


M M 


182.4 


4« 
44 


w 

44 


ia9 
535 


>70.7 
189.4 


<4 1 


11 M 


302.0 


268.2 


M 


Oxygen 


15-4 


>95-7 


44 1 


*< monoxide 


0.0 


163.0 


4 


if 


53-5 


215.9 


■ 


« (f 


20.0 


184.0 


44 


Water vapor . 


ao 


90.4 


I 1 


Chlorine 


ao 


128.7 


14 


44 44 


16.7 


96.7 


•4 ■ 


• • ■ • 


20.0 


147.0 


4t 


M 44 


100.0 


132.0 


9 1 


1 Puluj, Wicn. Ber. 60, (2), 1874 

2 Brcitenbach, Ann. Phys. 5, I9< 


[' 


6 


Schumann, Wied 


. Ann. 23, 


1884.^ 1 


n. 


I 


Obermayer, Wiei 
Koch, Wied. Am 


1. Ber. 71, 


(2a), 1875. 1 


3 Steudel, Wied. Ann. i6» 1882. 




1. 14, 1881 


» I9> T^3- 1 


4 Graham, Philos. Trans. Lond. 


1846, III 


9 


Meyer-Schumann 


, Wied. Ann. 13, iBSi. | 


5 Schultze, Ann. Phys. (4), 5, 6, 


1901. 












• The yalaes here giren were odcolattd from Koch*t UbU (WietL Ana. voL i9» p. 869) by the ionnak m = 4^9 [>' 
746 (#—370)]. 



Table 122. -VISCOSITY OF AIR. 20.2<>C. 



1.810 X 10— * 
1.807 

1.809 
1.814 
1. 8 10 

1.833 
1^37 



Markowski, ditto. 1904 
Tanzlcr, Ver. D. Phys. G. 1906 
Tomlinson, Phil. Trans. 1886 



Hogg, Am. Acad. Proc 1905 
Gilchrist 



1.835 X 10 -• 

1.836 

1.811 

1.812 

1.812 

1.808 

1.812 



Holman, Phil. Mag. 1886 
Fischer, Phys. Rev. 1909 
Grindlay, Gibson, Pr. Roy. Soc 

1908 
Rankine, ditto. 1910 
Rapp, unpublished 
Brcitenbach, Wied. Ann. 1899 
Schultze, Ann. der Phys. 1901 

The viscosity of air at 2a2®mav be taken as 1.812 X 10— * within a probable error of less than. 
0.2 per cent. Its variation witn the temperature may be obtained from Holman*s formula 
= 1715.50 X 10-* (I -4-0.00275/ — aoooooo34/«). See Phys. Rev. 1913, p. 124, where full refer- 
ences may be obtained. 
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Table 123. 1 37 

COEFFICIENT OF VISCOSITY OF OASES. 

Taptnlm OoHflolnti. 

If iifssthe viscosity at /^ C4 /tio=lhe vicosity at o^ a= the coefficient of expansion, $, 7, and 
> coefficients independent of /, then 

(I) f»t=f»o{i+af)'*. (Meyer, Obermayer, Puluj, Breitenbach.) 

(II) =p^{i+0i). (Meyer, Obermayer.) 

(Ill) =/io(i+a/)^(i+7/)^. (Schumann.) 



(IV) =/!• 



1+^ 
273 



\ 273 



(Sutherland.) 



Ooa. 


»*«io^. 


- 


Constants. 


Range *C. 


Refer. 

ence. 


Air* • . . 


^ 


0.003665 


«=0.77 


O-IOO 


I 


• 






1733- i 
1811. 


.003665 


C=I19.4 


— 


2 


m 






— 


« =0.7675 


150-997 


3 


m 






3208. 


- 


»=07544 


99.7-182.9 


(( 


• 






- 


- 


«=o.754; C=iii.3 


— 


4 


i 






- 


- 


n — 0.815; C — 150.2 


15-100 


4 






3208. 


- 


«=o.8227, C'= 169.9 


14.7-997 
99.7-183.7 


3 








2733. 


- 


ff =0.8110 


3 


Benzole 






.004 


7—0.00185 


18.7-100 


1 


CarboQ dioxide • 


^387.9 


— 


^=239.7 


- 


M ** • 


1497.2 


x)037oi 


7—0.000889 


12.8-IOO 


5 


U M 


1302.1 


.003701 


/3— 0.0034H; «— 0.941 


—21.5-53.5 


7 


* monoxide 


1825.2 


.003665 
.004158 


3=0.00269 ; « =0.738 


17.5-53.5 
0-36.5 


«( 


Bthcr . 


689. 


«=o.94 


8 


Ethyleiie . 


961.3 


- 


^=225.9 




6 


« chloride 


922.2 
889.03 


^3665 
«)39a> 


3 =0.003 CO; «= 0.958 
3=0.00381 ; « =0.9772 


—21.5-53.5 
1 50-1 57.3 


7 

(4 


Hdinm 




— 


« =0.681 ; 6"=: 72.2 


0-15.0 


4 


m 

• • 

m 

• • 


196a 
3348. 


• 


« =0.6852; C=8o.3 
n — 0.6771 


'5-3-99-6, 
99.6-184.6 


3 
3 


aJUiOgBH 


8574 


.00366 


^-^'.J ^ 


-. 


2 


• • 


— 


— 


»=o.68i; C=72.2 


— 


4 


llerciiry 


162a 


.003665 


«=i.6 


273-380 


10 


nttrageii 


1658.6 


.003665 


/9— 0.00269; «— 0.738 


—21.5-53.5 


7 


Ktroas oxide 


1353.3 


.003719 


3=0.00345; « =0.929 


— 2i.5-ioa3 


•< 


Qajj^en 




^ 


«— 0.782; C— 128.2 


^ 


4 


I Holman, Proc Amer. Acad. 


12, 1876; 21 


, J Schnmann, Wied. 
\. Breitenbach, Ann. 


Ann. 23, 1884. 




1885; Philos. Mag. (5) 3, i{ 


J77; 2i,i88e 


Phys. 5, 1901. 




1 Breitenbach, Wied. Ann. 5, 


1 901. 


7 Obermaver, Wien. 

8 Puluj, Wien. Ber. -j 


Ber. 73 (2A), li 


^76. 


) Sdinltze, Ann. Phys. (4) 5, 1 
4 Rajie^h, Proc Roy. Soc i 


QOI. 


rS (2). 1878. 




52, 1897; 6e 


t, 9 Schultze, Ann Ph] 


rs. (4) 6, 1901. 




1900; 67, IQOO- 




10 Koch, Wied. Ann. 


19.1883- 




• Sw TUile us lor vnoority of air. 
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DIFFUSION OF AN AQUEOUS SOLUTION INTO PURE WATER. 
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DIFFUSION OF VAPOIIS. 

matytfoalmC, G. S. ulB. -HI MDpantam shni )b tlic Obi* and 






lb* (U, Tha 
The loUowing 



DIFFUSION OF OASES, VAPORS, AND MBTAL8. 



Table 128. I^I 

SOLUBILITY OP INORGANIC 8ALT8 IN WATER; VARIATION WITH 

THE TEMPERATURE. 

The nnmbeis give the number of grams of the anhydrous salt soluble in looo grams of water at 

the given temperatures. 



Salt. 


Temperature Centigrade. 


o«> 


lO® 


aoo 


300 


4^ 


Soo 


660 


70« 


80P 
6500 


900 


lOOP 


AgNOa 


1 150 


1600 


2150 
362 


2700 


3350 


4000 


4700 


5SO0 


7?^ 


9100 


Al2(S04)s . . 




313 


335 


404 


457 


521 


59i 




731 


808 


891 


A1,K2(S04)4 . 




35 




- 


84 






248 


- 




- 


1540 


AIs(NH4)s{S04)4 




26 


45 


66 


91 


124 


159 


211 


270 


352 


- 


' - 


BjOi .... 




II 


15 


22 


- 


40 




62 


— 


95 


— 


IS 


BaCl, . 






316 


333 


357 


382 


408 


4"36 


464 


494 


524 


556 


Ba{NO,), 






SO 


J^ 


92 


116 


142 


171 


203 
I36J 


236 


270 


306 


342 


CaCls . 






595 


650 


745 


lOIO 


"53 


— 


1417 


1470 


1527 


1590 


CoCla . 






405 


450 


1^65 


565 


6so 
2080 


935 
2185 


940 


950 


960 


— 


1030 


CsCl . . 






1614 


1747 


1973 


^1^ 


2395 


2500 


2601 


2705 


CsNO, . 






.93 


149 


17^7 


339 
1841 


472 


644 


838 


1070 


1340 


1630 


1970 


CssS04 . 






1671 


1731 


1890 


1949 


1999 


2050 


2103 


2149 


2203 


Cu(NOa)2 






818 




1250 


— 


1598 




I79I 


— 


2078 


- 


— 


CaS04 . 
FeCla. . 






149 


^ 


918 


255 


295 


336 
820 


390 


457 


535 
1040 


627 
1050 


1000 


Fc,Cle . 






744 


81Q 
208 


— 


- 


3'5J 


- 


— 


5258 


- 


5357 


FCSO4 . 






156 


264 


% 


402 


486 


550 


560 


506 


430 




HgQa . 
KBr . . 






43 


66 


.74 


^ 


"3 


li^ 


^73 


243 


371 


540 






540 


- 


650 


— 


760 


- 


860 




955 


- 


1050 
1560 


KiCOs . . 






'% 


- 


^0 


1 140 


1 170 


1210 


1270 


1330 
483 


1400 


1470 


KCl . . , 






3" 


343 


373 


401 


429 


260 


Sio 


538 


566 


KClOa . , 






33 


50 


.7* 


lOI 


145 


197 


325 


396 


475 


560 


KjCr04 . . 






589 


609 


629 


650 


670 


690 


710 


730 


751 


771 


791 


KaCrjOr • 






50 


85 


131 


- 


292 


— 


^ 


- 


730 




1020 


KHCOa. . 






225 


277 


332 


390 


453 


S22 
1680 


- 


— 


- 


— 


KI . . . 






1279 


1361 


1442 


1523 


1600 


1760 


1840 


1920 


2010 


2090 


KNOa . . 






133 


209 


316 


455 


639 
1360 


855 


1099 


1380 


1690 j 2040 , 2460 


KOH. . . 






970 


1030 


1 120 


1200 


1400 


1460 


1510 


1590 


1680 ! 1780 


KaPtCla. . 






7 


9 


II 


14 


18 


22 


26 


32 


38 


45 


52 


KaS04 . . 






74 


92 


III 


130 


148 


165 


182 


198 


214 


228 


241 


LiOH . , 






"Z 


127 


128 


129 


'30 


133 


138 


144 


yi 


— 


175 


MgCla . . 






528 


535 


356 


- 


456 




610 


« 


- 


730 


MgS04 • • 


. (7aq) 


260 


309 


409 


— 


- 


- 


- 


— 


— 




. (6aq) 


408 


422 


439 


453 


— 


504 


550 


596 


642 


689 


738 


NH4C1 . . 


1 • • • 


297 


333 


372 


4H 


458 


504 


552 


002 


656 


7^3 773 


NH4HCOa . 




» • 


119 


159 


210 


270 


- 


— 




- 


- 


— I — 


NH4NO8 . 




• 


•;^ 




— 


2418 


2070 


3540? 
844 


4300? 
880 


5^30? 


5800 


7400 8710 


(NH4)aS04. 






730 


754 


780 


810 


916 


953 
1185 


992 1033 


NaBr. . . 




• 


795 


'n 


903 


- 


X058 


II60 


II70 


- 


— 


1205 


Na«B40T . 










39 


— 


105 


200 


244 


314 


408 


523 


KasCOs. . 


(loaq) 


71 


126 


214 


409 


— 




- 


— 




— 


— 


• 1 


. (7aq) 


204 


263 


335 
358 


^ 


(laq) 


475 


464 


458 


k 


% 


452 


NaCl. . . 


• • • 


356 


357 


363 


3^7 


371 


375 


391 


NaClO, . . 






820 


890 


990 


— 


2200 


— 


1470 


— 


1750 - 


2040 


NaaCr04 . 
NajCrsOT . 








502 
1700 


1800 


1970 


1050 
2480 


1150 
2830 


3230 


1240 
3860 - 


1260 
4330 


NaHCOa • 






82 


96 


III 


127 


145 


164 




— 


- 


- 


NaaHP04 . 






25 


.39 


93 


241 


639 






949 


- 


- 


988 


Nal . . . 






1590 


1690 


1790 


1900 


2050 


2280 


2570 


— 


2950 


— 


3020 


NaNOa 


730 


805 


880 


962 


1049 


1 140 


1246 


1360 1480 1610 


>755 



Compiled from Landol^B3msteiIl-Me7eriloffer'• PhyaikaliiidxhemiBche Tabellen. 
taiTiuoHiAii Tabus. 
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42 TuLi* taa ^tmeh,d,d).iao. 

SOLUBILITY OP SALTS AND CASES IN WATER. 



Table 131. I43 

CHANCE OP SOLUBILITY PKODUOED BY UNIFORM PRESSURE.* 



C. Cahtn md L. R. Stadfi, Z. phfik. Citm. 67. p, ui. 1904: 09. p. »■, 1900. E, Coho, K. laaof* nd 
t »», Md. ji, p. m, ryi. Thai wlwnitTtaaitlciliilHB^iilMAMTOk aloof dualiaa. 

m u B wi Aw Tuwa. 
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Table 1 32. 



ABSORPTION OF GASES BY LIQUIDS.* 



A QnpOTHtun. 


! 


AbsOKPTION COBFFiaBNTS, 0^, FOB GaSBS IN WaTBK. 


Centigrade. 

t 


Carbon 

dioxide. 

CO, 


Carbon 

monoxide. 

CO 


Hydrogen, 
n 


Nitroeen. 


Nitric 

oxide. 

NO 


Nitrous 
oxide. 
N,0 


Oxygen. 




5 

lO 

«5 

20 

25 
30 
40 

50 
100 


1.797 
1450 
1. 185 
1.002 
0.901 
C.772 

0.506 

0.244 


0.0354 

.0315 
.0282 

.0254 

.0232 

.0214 

.0200 

.0177 

.0161 

.0141 


0.021 10 
.02022 

.01344 
.01875 

.01809 

.01745 
.01690 

x>i644 
.01608 
.01600 


0.02399 
.02134 
.01918 
.01742 

•01 599 

.01481 
.01370 
.01195 
.01074 
.01011 


0.0738 
.o6i6 
^571 
.0515 

.0471 
.0432 
.0400 

•0351 
.0315 

.0263 


1.048 
a8778 

0-7377 
0.6294 

0.5443 


ao492S 

•04335 
-03852 
•03456 
•03'37 

aa 

.02316 

X>2080 

.01690 


Temperature 
Centigrade. 

t 


Air. 


Ammonia. 
NHt 


Chlorine. 
CI 


Ethylene. 
CH4 


Methane. 
CH4 


nyuroceii 
sol^ude. 


Solphnr 

dioxide. 

SO, 




5 
10 

IS 
20 

25 


0.02471 
.02179 

•01953 
.01795 

.01704 


1 1 74.6 

971-5 
840.2 

610.8 


3-236 

2.808 

2.388 
2.156 
1.950 


0.2563 

.2153 

.1837 
.1615 

.M8| 


0.05473 
.04889 

.04367 

•03903 

•03499 
.02542 


4371 

3-233 

2-905 
2.604 


56.65 
47.28 

39^37 
32.79 


TempHerature 
Centigrade. 

t 


Absorption Cobpfiobnts, ««, fob Gasbs in Alcohol, CsH«OH. 


Carbon 

dioxiHe. 

CO, 


Ethylene. 
C,H4 


Methane. 
CH4 


Hydrogen. 
H 


KitrcM^n. 


Nitric 

oxide. 

NO 


Nitrons 

oxide. 

N,0 


yy — 1 

nyorcMEeu 
solplnde. 


dioKUk 




s 

10 

IS 
20 

25 


4.329 
3.891 

3-514 

3-^99 
2.946 

2.756 


3-595 

3.086 
2.882 

2.713 
2.578 


0.5226 
.5086 

.4828 
.4710 
.4598 





.0692 
0685 

.0679 
.0673 
.0667 
.0662 


0.1263 
.1241 
.1228 
.1214 
.1204 
.1196 


0.31 61 

.2748 
.2659 

•2595 


3-838 
3-525 

3-215 

3-oiS 
2.819 


17.80 

14.78 
11.99 

9-54 
741 

5.62 


318^ 
251.7 

igaj 
144-S 

'31 




"■ 


. • «^i_ . 


1 




.« j.*p_ 








J 


• . e\ r% 


J 




. ■ 




; 



* This table contains the volumes of different gases, supposed measured at o^ C. and 76 centtmeten* I 
unit volume of the liquid named will absorb at atmospheric pressure and the temperatnre stated hi the fint < 
The numbers tabulated are commonly called the absorption coefficients for the gases in watett or in aVrAftI, 1 
temperature / and under one atmosphere of pressure. The table has been compiled from data poblished by 
Bock, Bunsen, Carius, Dittmar, Hamberg, Henrick„ Pagliano & Emo, Raonlt, Sch5nicld, Setschenoir, and 
The numbers are in many cases averages from sevt^l of these authorities. 

NoTB. — The effect of increase of pressure is generally to increase the absorption ooefficknL Tbe : 
2y)proxiinately the magnitude of the effect in -the case of ammonia in alcohol at a tqppera tm e of 23P C. : 

( P = 45 cms. 50 cms. 55 cms. 60 cnt. 65 cms. 

\ on|= 69 . 74 79 84 88 

According to Setschenow the effect of varymg the pressure from 45 to 8$ oenSinetofa in ^ cut of aurboBiC( 
water is very small. 

•mithsonian Tables. 



Tables 133-135. 
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CAPILLARITY. -SURFACE TENSION OF LIQUIDS.* 



TllLB ISS.— Wilcr aaA Aloohol in Oontaot with Air. 



TABLB 185.~8oliitlnu of StUi la 
Wattr.t 



Taap. 


Surface tension 
in dynes per 
centimeter. 


Temp. 
C 


Surface tension 
in dynes per 
centimeter. 


Temp. 


Surface 
tension 
in dynes 
per cen- 
timeter- 


Water. 


Ethyl 
alooboL 


Water. 


Ethyl 
alcohol. 


Water. 


5 
10 

«5 

20 

25 
30 

35 


75.6 

74.9 
74-2 

72*i 
72.1 
71-4 
70.7 


235 

22.6 
22.2 
21.7 

20.8 

2a4 


40° 

45 
50 

II 

70 
75 


7ao 

67^ 
67.1 

66.4 
65.7 
65.0 


20.0 
19-5 

1^.6 
18.2 
17.8 

16.9 


8o« 

85 
90 

95 
100 


643 

63.6 

62.9* 

62.2 

61.5 



tABLB lM.-HtMtf]nMU Ll«Bi«i la OntiBt with Air. 






Surface 




Liqaid 


Temp. 
C.o 


tension 
in dynes 


Authority. 






per cen- 
timeter. 




Aceton .... 


16.8 


233 


Ramsay-Shields. 


Acetic add . . . 


17.0 


30.2 


Average of various. 


Amyl alcohol . . 


15.0 


24.8 


u 


Benzole .... 


15.0 


28.8 


<i 


Butyric acid . . 
Carfx>n disulphide 


15.0 


28.7 


M 


20.0 


35-5 


Quincke. 


Chloroform . . 


20.0 


28.3 


Average of various. 


Ether 


20.0 


18.4 


u 


Glycerine . . . 


17.0 


63.14 


Hall. 


Hexane .... 


0.0 


21.2 


Schiff. 


M 

.... 


68.0 


14.2 


t4 


Mercury .... 


18.0 


$2Oj0 


Average of various. 


Methyl alcohol . 


15.0 


24.7 


«* 


Olive oil . . . . 


20.0 


34-7 


a 


Petroleum . . . 


20.0 


25.9 


Magie. 
Schiff. 


Propyl alcohol 


5.8 


25.9 
18.0 


M M 


97.1 


u 


Toluol .... 

M 


15.0 
109.8 


29.1 
18.9 


M 
« 


Turpentine . . . 


21. 


18.5 


Average of various. 



Salt in 
solution. 



BaCls 
it 

CaCIs 

ti 

HCl 

i4 
M 

KCl 

M 

MgCl, 
« 

M 

NaCl 
If 

i< 
NH4CI 

M 

a 

SrClj 
(f 

t* 
KsCOt 

14 
44 

Na^COj 

t4 
41 

KNOa 
NaNOs 

4( 

CuSOi 

4t 

HjSO* 

4( 
4< 

K2SO4 

44 

MgS04 

u 

Mn8S04 
44 

ZnS04 
44 

44 



Density. 



X.2820 
1.0497 

<-35" 
1.2773 

I.II90 

1.0887 

1.0242 

I.1699 

I.IOII 

1.046^ 

I •2338 
I.I694 

1.0362 
1. 1932 
I.X074 
1.0360 
1.0758 

1.0535 

I.028I 

I.3II4 

1. 1204 
1.0567 

^•3575 
1.1576 

1.0400 

'•1329 

1.0005 

1.0283 

I.I 263 

1.0466 

1.3022 

1.1311 

1.1775 
1.0270 

1.8278 

1-445 
1.263 

1.0744 

1.0360 

1.2744 

X.0680 

1.1119 

1.0329 

1.3081 

1.2830 

1.1039 



Temp. 
C.° 



15-16 
15-16 

19 

19 
20 

20 

20 
15-16 
15-16 
15-16 
15-16 
15-16 
15-16 

20 

20 

20 

16 

16 

16 
15-16 
15-16 
15-16 
15-16 
15-16 
15-16 
14-15 

14-15 
14-15 

14 

14 
12 

12 

15-16 

15-16 

>5 

>5 

^5. 
15-16 

15-16 

15-16 

15-16 

15-16 

15-16 

15-16 

15-16 

15-16 



Tension 

in djmes 

per cm. 



81.8 

77-5 
95.0 

90.2 
73-6 
74-5 



80.1 
78.2 
00.1 
85.2 
78.0 
85.8 
80.5 
77.6 

84-3 
81.7 

78.8 

85.6 

79-4 
77.8 

Q0.9 

81.8 

77.5 
79-3 
77.8 
77-2 
78.9 
77.6 
83.5 
80.0 
7&6 
77.0 
63X)? 

79-7 

79-7 
78.0 

77-4 
83.2 

77^ 
79.1 

Z7-3 
83.3 
80.7 

77^ 



* Thh deteminatioa of the capillary constants of Hquids has been the subject of many careful experiments, but the 
itsultB ci the different experimenters, and even ci the same observer when tne method of measurement is changed, 
do net agree well together. The values here quoted can only be taken as approximations to the actual values for the 
fiqnids in a state of ourity in contact with pure air. In the case of water thfe values given by Lord Rsvleigh from the 
«avc length of rippues (Phil. Mag. 1890) and by Hall from direct measurement of |he tension of a flat iilm (Phil. M.-ig. 
iSa]) have been preferred, and the temperature correction has been taken as 0*141 dyne per dejp'ee centigrade. The 
values for alcohol were derived from the experiments of Hall above referred to and the experiments on the effect ol 
temperature maile by Timberg (Wied. Ann. vol. 30). 

The authority for a few oithe other values given is quoted, but they are for the most part avtrags values derivtd 
from a large number 61 results published by different experimenterSi 

t From Volkmann (Wied. Ann. vol. i/i p. 353)1 

•■rrNaoiiiAN Tablu. 

# 
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Tables 136*138. 

TENSION OF LIQUIDS. 
TABLB laS. — SulMt TwslMi of LI«iMl.« 



Liquid. 



Water 

Mercury . • • • 
Bisulphide of carbon • 
Chloroform . • • • 
Ethyl alcohol 

Olive oil ... • 
Turpentine . . . • 
Petroleum .... 
Hydrochloric add 
Hyposulphite of soda solution 



Specific 
gravity. 



IJO 

1 12687 
1^78 
0.7906 

O.0007 

.7977 
I.IO 

1. 1248 



Smface tension in djrnes per 
timeter of liquid in contact vidi 



Air. 



75-0 

S>3^ 

30.S 

(24.1) 
34.6 
28^ 
29.7 

(72.9) 
69.9 



Water. 



OO 
392-0 

26i 

ii.6 

11.5 

(28X)) 



(392) 

i 

364 

3«7 

241 
271 

(39*) 
429 



TABLB Uy.-8uliM TmriOB of Ll«ilda at BolMttylaf Potatt 





Tempem. 
ture of 
solidifi- 
cation. 
Ccnto 


Surface 

tension in 

dynes per 

centimeter. 




Tenperap 
ture of 
solidifi- 
catioo. 
Cento 


Sorfaoe 
teasionia 

dyypw; 

cyntiinettf. 


Platinum 

Gold . 

Zinc 

Tin 

Mercury 

Lead . 

Silver . 

Bismuth 

Potassium . 

Sodium 




2000 

1200 

360 

230 
—40 

330 
1000 

90 


1691 
1003 

877 

457 

427 

1390 

258 


Antimony . 

Borax .... 

Carbonate of soda 

Chloride of sodium 

Water .... 

Selenium . • 

Sulphur 

Phosphorus . 

Wax . . ; . 


43a 
1000 

1000 



217 

III 

u 


216 
210 
116 

42.1 
42.0 

34.1 


TABLB lS8.-TtBSloa of 8mv FUau. 


Elaborate measurements of the thickness of soap films have been made by Reinold and 
Rucker.ll They find that a film of oleate of soda solution containing i of soap to 70 of 
water, and having 3 per cent of KNOs added to increase electrical conductivity, bracks at 
a thickness varvmg between 7.2 and 14.5 micro-millimeters, the average being 12.1 ndioo- 
millimeters. The film becomes black and apparently of nf^nrly nnifnrm thWrifiiff) nmA 
the point where fracture begins. Outside the black patch there is the uaiial disfriay of 
colors, and the thickness at these parts mav be estimated from tiie colors of thw plaM 
and the refractive index of the solution {viae Newton's rings. Table 222). 

When the percentage of KNOs is diminished, the thickness of the black patch InciCMOl 
For example, KNOg =3 i 0.5 0.0 

Thickness — 12.4 13.5 14.5 22.1 ndcro-mm. 

A similar variation was found in the other soaps. 

It was also found that diminishing the proportion of soap in the sdutioiif tlim heSa^ 
no KNOa dissolved, increased the thickness of the film. 

I part soap to 30 of water gave thickness 21.6 micro-mm. 

I part soap to 40 of water gave thickness 22.1 micro-mm. 

I ]>art soap to 60 of water gave thickness 27.7 micro-mm. 

I part soap to 80 of water gave thickness 29.3 micro-mm. 



* This table of tensions at the surface separating the liquid named in the first column and air, water or l. 
as stated at the head of the last three columns, is from Quincke's experiments (Fogg. Ann. toI. isg. and PfaiL 
1871). The numbers given are the equivalent in dynes per centimeter of those obtained by WorthiiM^toa 
Quincke's results (PhiL Mat;, vol. ao, 1S85) with the exception of those In brackets, which were not oorrecti- 
Worthineton; they are probably somewhat too high, for the reason stated by Worthington. Tlie teapcratars^ 
about 20° C. 

t Quincke, " Pogi?. Ann." vol. i3«, p. 661. 

X It will be observed that the value here given on the authority of Quindce is mnch hii^hfer than Us 
measurements, as quoted above, give. 

H •' Proc Roy. Soc." 1877, and " Phil. Trans. Roy. Soc" 1881, i88j, and 1893. 

NoTB. — Quincke points out that substances may be divided into groups in each of which the ratio of the 

tension to the density is nearly constant. ^ Thus, if this ratio for mercunr be taken as unit, the ratio for the b 

and iodides is about a half : tnat of the nitrates, chlorides, sugars, and tats, as well as the metals, .lead, btemutli, 
Mntimony, about i ; that of water, the carbonaie», ftu\pV\ate«« and probably phosphates, and the metala |rtf^Th^^tip, 
«r/ivr, cadmium, tin, and copper, a ', thai oi zinc, uow, «xid ^ Xma v to l^ V\ wAVmx^ v)i^sia«6. 

BmiTH90MIAH TASLCa. 




Table 1 SO. 
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VAPOR PRESSURES. 



vapor pressures here Ubulated hare been Uken, with one exception, from Regrnault*! results 
pressure of Pictet's fluid is given on his own authority. The pressures are iu centimeters of 





Aoetooe. 


Bciuol. 


Carbon 
bisul- 


Carbon 
tetra- 
chloride. 
CO* 


Chloro- 
form. 
CUClt 


Ethyl 
alcohol. 
C,H.O 


Ethyl 

ether. 

QHmO 


Ethyl 
bromide. 
CjHaBr 


Methyl 

alcohol. 

CH4O 


Turpen. 

tine. 

C^oHf 




^ 


«. 


_ 


^ 


^^ 


^^ 


^ 


4.41 


41 


■ „ 


f '5 


• 


il 


til 


.98 

'•35 
1.85 

2.48 


^ 


.33 

•5' 


6.89 
8.93 


5.02 
7.81 


•63 
.93 


"■ 


B-K) 

1-s 


- 


1.29 
1^3 


7.94 

iai3 


- 


.65 
.91 


11.47 
14.61 


10.15 
13.06 


1.35 
1.92 


- 


1 ^ 


— 


2-53 


12.79 


3.29 


5;97 


1.27 


18.44 


16.56 


2.68 


.21 


1 5 


— 


342 


16.00 


4.32 
5.60 




1.76 


^3°? 


20.72 


3-69 


- 


■ 10 


— 


^^ 


19.85 


10.05 


2.42 


2i.68 


2574 


5.01 
6.71 


.29 


1 '^ 


— 


5^ 


24.41 
29.80 


7.17 


— 


3-30 


35.36 


31.69 




I ^ 


17.96 


7.56 


9.10 


16.05 


4-45 


43.28 


38.70 


8.87 


M 


1 ^ 


22.63 


9-59 


36.11 


1M3 


2a02 


m 


63!48 
76.12 


46.91 


11.60 


_ 


1 ^ 


28. 10 


I2X)2 


4346 


14.23 


2475 


5645 
67.49 


15.00 


.69 


1 35 


34-52 


ir'ai 


51-97 


17.55 
214I 


30.35 


ia29 


19.20 


— 


1 ^ 


42J01 


61.75 


36.93 


»3-37 


90.70 


80.19 


24.35 
30.61 


1.08 


I 45 


50-75 


2241 


72.95 


26.08 


44.60 


17.22 


107.42 


9473 


— 


1 ^ 


62.29 


27.14 


85.71 


3'44 


53-50 
63.77 


^'•§§ 


126.48 


1 1 1.28 


38.17 


1.70 


|g 


25-59 


32.64 


100.16 


37.63 


27.86 


148.11 


130.03 


47.22 


— 


S6jos 


39.01 


116.45 


44.74 
52.87 
62.11 


y.97 


35-02 


172.150 
199-89 


151.19 


57-99 


2.65 


1 ^S 


IOM3 


46.34 


134.75 


43-69 


174-95 


70.73 


- 


1 ^ 


118.94 


54.74 


155.21 


104.21 


54.11 


230.49 


201.51 


85.71 


4.06 


I n 


138.76 


64.32 


177.99 


72.57 


12142 


66.55 


264.54 


231.07 


103.21 


— 


■ 80 


lOI.IO 


8746 


203.25 


84.33 


140.76 


81.29 


302.28 


263.86 


123.85 


613 


1 'S 


i86li8 


231.17 


97.51 


162.41 


98.64 


343-95 


300.06 


147.09 


— 




114.17 
245.28 


101.27 

116.75 


261.9J 
296.63 


112.23 
128.69 


18652 
213.28 


118.93 
142.51 


389-83 
440.18 


33989 
3«3-5S 


174.17 
205.17 


9.06 




»79-73 


134.01 


332.51 


146.71 


242.85 


169.75 


495-33 


431-23 


240.51 
280.63 
32J-96 
376.98 


13.11 


wz 


3«7-70 


153.18 


372.72 


166.72 


275-40 


201.04 


621.46 


483.12 


— 


■ in 


3S940 


174.44 


416.41 


188.74 


311. 10 


236.76 


539.40 


18.60 


■ "5 


405« 


197.82 


&^ 


212.91 


350,10 


27734 


69333 


600.24 


— 


■ iSD 


45W 


223.54 


239.37 


392.57 


323-17 


771.92 


665.80 


434.18 


25.70 


■lis 


ss 


251.71 
28243 


629.16 


268.24 


438.66 
488.51 


374-69 


.- 


736.22 


498.05 


— 


■ 130 


&9J7 


299.69 


432-30 


— 


811.65 


569-13 
647.93 


34-90 


■ '35 


315.85 


692.59 


333-86 


542.25 
6oao2 
661.92 


496.42 


— 


892.19 


- 


■ 140 

■ H5 


697.44 


352.07 

39J.2I 


1%^ 


370.90 
411.00 


Sst 


— 


977-96 


733-71 
830.89 


46.40 


■ISO 


— 


478;65 


909.59 


454.31 


728.06 


731-84 


- 


— 


936.13 


60.50 
68.60 


l'J5 


— 




501.02 


798.53 


825.92 


— 


— 




lib 


— 


5!Z'^ 


- 


§5^-3' 
605.38 


873.42 


— 


— 


— 


- 


77-50 


I165 


— 


568.30 


- 


952.78 


— 


— 


- 


- 


— 


I170 




634.07 


663.44 
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Table iS^if^^i*"^)- 



VAPOR PRESSURES. 



Tem- 
pera- 
ture, 
Centi- 
grade. 



— 20 
— 10 

— s 



s 

10 
IS 

20 

25 

30 

35 
40 

45 
50 

65 
70 

75 

80 

85 

95 
100 



Ammonia. 
NH, 



86.61 

"O.43 
139.21 

17365 
214.46 
264.42 

318-33 
383-03 
457-40 



Carbon 

dioxide. 

CO, 




747.70 

870.10 

1007.02 

"59-53 
1328.73 

1515-83 
1721.98 
1948.21 
2196.51 
2467.55 

2763.00 

3o84-3» 
343309 
3810.92 

4219-57 
4660.82 



1300.70 
1514.24 
1758.25 
2034.02 

2344-13 

2690.66 

3075-38 
3499.86 
3964.69 
4471.66 

5020.73 
5611.90 
6244.73 
6918.44 
7631.46 



Ethyl 
chloride. 
C,H,C1 



11.02 

14.50 

18.75 

23-96 
30.21 

37-67 

46.52 

56^93 
61. II 

83.26 

99.62 

118.42 

"39-90 
164.32 

191.96 

223.07 

257.94 
266.84 

340.05 

387.85 
440.50 

498.27 
561.41 
630.16 

704.75 
785.39 

872.28 



Ethvl 
iodide. 
C,H.I 



4.19 
5.41 
6.92 
8.76 
11.00 

13-69 
16.91 

20.71 

25.17 

30.38 

36.40 

43-32 
51.22 



Methyl 

diloride. 

CH,C1 



Methylic 

ether. 

C,HeO 



57.90 

71.78 

88.32 

107.92 

130.96 

157.87 

189.10 
225.11 
266.38 

313-4' 
366.69 

426.74 
494.05 
569.11 



57.65 

71.61 

88.20 

107.77 

130.66 

157.25 

187.90 
222.90 
262.90 

307-98 
358.60 

415.10 
477.80 



Nitrous 

oxide. 

NtO 




49 

1968.43 
2200.80 
2457.92 

2742.10 

3055-86 
3401.91 

3783.17 
4202.79 

4664.14 
5170.85 

6335.98 



Pictet*8 

fluid. 

64SOa+ 

44CO,by 

weight 



58.52 

67.64 

74.48 

89.68 

101.84 

121.60 

139.08 
167.20 
193.80 
226.48 
258.40 

297.92 
338.20 
383.80 

434-72 
478.80 

521.36 



Sulphur 

dioxide. 

SO| 



28.75 

37-38 
47.95 
60.79 
76.25 

94.69 

II6.5I 
142. II 
171.95 
206.49 
246.20 

291.60 

343- '8 
401.48 
467.02 

540.35 

622.00 
712.50 
812.38 
922.14 



Hydro 
•uiiphicl 



374-1 
44: 

;i< 



7o6.( 

820.6}] 
949.08 
1089.63 j 
1244.79I 

1415.15 

1601.24 

«8o3.53 
2002.43 

2258.25 
2495^3 

278148 
3069.07 
3374-oa 
3696.15 
4035.32 
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VAPOR PRESSURE. 



TABLB 140. —Vapor PrtMUt ol Btlqrl AMhaL* 



a. 

E 



l** 



9P 



70 



8® 



V* 



Vapor pressure in millimetert of mercory at o*^ C. 



10 



70 



12.24 


I3I8 


14.15 


15.16 

28.67 


16.21 


17.31 


18.46 


19.68 


20.98 


'2378 


4^'& 


27.94 


30.50 


32.44 


34.49 
62.33 


36.67 

65.97 


^v 


44.00 


49-47 


52.44 


55-56 


58.86 


69.80 


78.06 


82.50 


87.17 


92.07 


97.21 


102.60 


108.24 


114.15 


120.35 


133-70 


140.75 


148.10 


155.80 


163.80 


172.20 


181.00 


190.10 


199.65 


220.00 


366.40 


242.50 


25380 


265.90 

418.35 


278.60 


291.85 


305.65 


31995 


350.30 


S^s 


400.40 


437.00 
665.55 


456.35 


476.45 


49725 


541.20 


564-35 


613.20 


638.95 


693.10 


721.55 


751.00 



22.34 

41.40 

126.86 

209.60 

334-85 

518.85 
781.45 



FTom the fonnula log/ =sa + dt^-{- cff Ramsay and Young obtain the following nambers.t 






QO 



IQO 



40<> 



70< 



80' 



OO*" 



Vapor pressure in niiUiineten of mercury at 0° C. 



100 

900 



^ 



12.24 
1602.3 
22182. 



23-73 



20025 



43-97 
3223.0 

32196. 



78.11 
i3i8.7 
38389- 



5686!6 
45519. 



219.82 
7368.7 



350.21 
9409.9 



540.91 
ii8c8. 



811.81 
14764. 



1186.5 
18185. 







1 


riBLB X41.-Vap«r Fmnn flf MMhfl AlooioLt 






u 

d 
E 

OP 

to 

20 

30 

40 


00 


1® 


20 


a® 


*» 


B° 


r> 


70 


r> 


9« 


Vapor pressure in milUmeters of mercury at o** C. 


29.97 

53-» 
94.0 

158.9 

259-4 

409.4 
624.3 


31.6 

57-0 
99.2 

167.1 
271.9 

427-7 
650.0 


33-6 

60.3 

104.7 

175-7 

28q.O 
440.6 
676.5 


63.8 
1104 

184.7 

466.3 
703.8 


37-8 

67.5 
116.5 

194.1 
312.6 
486.6 
732-0 


4a2 

71.4 

122.7 

203.9 

327.3 
507.7 
761.1 


42.6 

. 75-5 
"9-3 

214.1 
342.5 

529-5 
791.1 


45.2 

79.8 

136.2 

224.7 

358.3 
J52.0 

822.0 


47-9 

84.3 

143-4 

235-8 
374-7 
575-3 


50.8 

89.0 

151.0 

247.4 

391-7 
599-4 



* Tbit table has been compiled from results published by Ramsay and Young Qour. Chem. Soc yol. 471 and Phil. 
'^»>»«. Roy. Soc., 1886). 

t la this fonnula <• = 5.0730301 ; log 3 = 1.6406131; log c = 0.6050854 ; log a = 0.003377538 ; log /I =1.99683434 
V»iiieiatiye). 

X Taken from a paper by Dittnar and Fawiitt (Trans. Roy. Soc Edin. toL 33). 
*8m(toiiiAN Tablcs. 



ISO 



Tablb 142. 
VAPOR PRESSURE.* 



Temp.. Q9 



*° 



(a) Carbon Disulphide. 



0° 

lO 
20 

40 



127.90 

198.45 

298.05 

434.60 
617.50 



133-85 

207.00 

309.90 
450.65 
638.70 



140.05 
215.80 
322.10 

467.15 

66a 50 



146.45 
224.95 

334-70 
484.15 
682.90 



153.10 
234.40 
347.70 
501.65 
705.90 



160.00 

244.15 
361.10 

5J9'65 
729.50 



167.15 
254.25 

374-95 
538-15 
753-75 



174.60 
264.65 
389.20 

557J5 
778.60 



182.25 

275-40 
403.90 

576.75 
804.10 



190.20 
286.55 
419.00 

596-85 
83a25 



(b) Chlorobenzene. 



200 

30 
40 

50 

60 

90 

100 

no 

120 

130 



8,65 
14.95 

25.10 
40.75 

64.20 

97.QO 

144.80 

208.35 

292.75 
402.55 

542.80 

718.95 



9.14 
42.69 

67.06 
101.95 

150.30 

215.80 

302.50 

415.10 

558.70 

738.65 



9.66 

16.63 
27.72 

44.72 
70.03 

106.10 

156.05 
223.45 

312.50 
42795 




10.21 

17.53 

29.12 

46.84 
73." 

II 041 
161.95 

231.30 

322.80 

441-15 
591.70 



10.79 
18.47 

30.58 

49.05 

76.30 
114.85 

168.00 
239-35 

333.35 
454.05 

608.75 



II40 

19.45 

32.10 

51-35 
79.60 

"9-45 
174.25 

247.70 

344.15 
468.50 

626.15 



12.04 
20.48 

33.69 

53-74 
83x32 

124.20 

181.70 

256.20 

355-25 
482.65 

64395 



12.71 
21.56 

35-35 

56.22 

86.56 

129.10 

187.30 

265.00 

366.65 
497.20 
662.15 



13.42 
22.69 
37.08 

5879 
90.22 

134-15 
194.10 

274.00 
378.30 
68^75 



14.17 
23.87 
38.88 

61.45 
94.00 

13940 
201.15 
283.25 

390.25 

699.65 



(o) Bromobenzene. 



40° 

50 

60 

70 
80 

90 

100 

no 
120 
130 
140 

150 



16.00 
26.10 
41.40 
63.90 
96.00 

140.10 
198.70 
274.90 
37265 
495.80 

649.05 



16.82 
27.36 
43.28 
66.64 
99.84 

145.26 
205.48 
283.65 

383-75 
509.70 

666.25 



17.68 
28.68 

45-24 
69.48 

103.80 

150.57 
212.44 

292.60 

395- >o 

523.90 

683.80 



18.58 
30.06 
47.28 
7242 
107.88 

156.03 
21958 

301-75 
406.70 

538-40 
701.65 



19.52 

3'-50 

49.40 

75.46 

112.08 

161.64 
226.90 
311.15 
418.60 
553-20 

719-95 



12w^ 

20.50 
3300 
51.60 
78.60 
116.40 

167.40 

234.40 
320.80 

430.75 
568.35 

738.55 



13.06 
21.52 

i^ 
81.84 

120.86 

173-32 
242.10 

330.70 
443-20 

583-85 
757-55 



13.75 

22.50 

36.18 

6.25 

5.20 

125.46 



I 



179.41 
250.00 
340.80 
455-90 
59965 

776.95 



14.47 




185.67 
250.10 

468.90 
615.75 

796.70 



15.22 
24.88 

01.26 

92.28 

135.08 

192.10 
266.40 
361.80 
482.20 
632.25 

816.90 



(d) Aniline. 



8O0 

90 

100 

no 

X20 

130 
140 

150 

160 
170 
180 



18.80 
30.10 



45- 
68. 



.90 
.50 
100.40 
144.70 
204.60 



283.70 
386.00 
515.60 

677.15 



19.78 
3'.44 

47.80 

71.22 

104.22 

149.94 

211.58 

292.80 

39765 
530.20 

695.30 



20.79 
32.83 

49.78 

74.04 

108.17 

'55-34 

218.76 

302.15 
409.60 

545-20 
713-75 



21.83 
34-27 

51.84 

76.96 

112.25 

160.90 

226.14 

3"-75 
421.80 

560.45 
732.65 



22.90 
35-76 

53.98 

79.98 

116.46 

166.62 

233.72 

321.60 

434.30 
576.10 
751.90 



24.00 
37.30 



I 



6.20 
^3.10 
120.80 
172.50 
241.50 

331.70 
447.10 
592.05 

771.50 



25.14 
38.90 

55-5° 

86.32 
125.28 
178.56 
249.50 

342.05 
460.20 
608.35 



26.32 
40.56 

60.88 

89.66 

129.91 

18480 
257.72 

352.65 
473.60 
625,05 



27-54 
42.28 

6334 
93.12 

134.69 

191.22 

266.16 

363-50 
487.25 
642.05 



28.80 
44.06 

65.88 

96.70 

1 39.62 

197.82 

274.82 

374.60 
501.25 

65945 



* These tablrc of vapor pressures are quoted from results published by Ramsay and Young (Jour. Chem. Soc. 
vol. 47). The tables are intended to give a aeries suitable for hot-jacket purposes. 
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TenqK 



0« 



Ro 



eo 



(e) Methyl Salicylate. 



7cy> 

80 

90 
100 

no 

120 

140 

150 

160 

ill 

190 

200 

210 
220 



240 
4.60 
7.80 

12.60 
19.80 

30-25 
66.55 

95.60 

134-25 
184.70 

249-35 
330-85 

432.35 

55750 
710.10 



2.58 
4.87 
8.20 

13.20 
2a68 

3«-52 
47.12 

69.08 

90.00 
138.72 
190.48 
256.70 
340.05 

443-75 

571-45 
727.05 



2.77 

8.62 

13-82 
21.60 
32.84 
49.01 
71.69 

102.50 

M3.31 
19641 

264.20 
349-45 




744-35 



2.97 

5-44 
9^)6 

14-47 
22.55 

34.21 
50.96 

74-38 

106.10 
148.03 
202.49 
271.90 

359-05 

467.25 
600.25 
761.90 



3.18 

5-74 
9.52 

iS-i5 

2353 

35-03 
52.97 

77-15 

X09.80 
152.88 
208.72 

479.35 
61 5.05 

779-85 



3.40 
6.05 

9-95 

15.85 

24.55 
37.10 

55.05 
Soloo 

113.60 
157.85 

2I5.XO 

287.80 
378.90 

491.70 
630.15 

798.10 



3.62 

0.37 
1044 

i6.;8 
25.61 
38.67 
W.20 
82.94 

117.5X 
162.95 

221.65 

296.00 

389-15 

504.35 
645-55 



3.85 
6.70 

10.95 



17-34 
26.71 

4a24 

9.43 
5-97 



I 



*?i-S3 
168.19 

228.30 

304.48 

399.60 

661.25 



4.09 

7.05 

11.48 

18.13 
27.85 
41.84 

61.73 
89.09 

125.66 

173.56 

235.15 

313.05 
410.30 



5 

o; 



30.40 
77.25 



4.34 
7.42 

12.03 

18.95 
29.03 

43-54 
64.10 

92.30 

129.90 
179.06 
242.15 
321.85 
421.20 

543.80 
093.60 



(f) Bromonaphthalinb. 



120 

«30 
140 

150 

160 
170 
180 
190 

aoo 

210 
220 

230 
240 

250 

260 

270 



3-60 

8.50 

i3-»5 

19.80 
28.85 

40.75 
56.45 
77.15 

104.05 
138.40 
181.75 

23595 
303.35 

386.35 

487.3s 
608.75 



3-74 

13-72 

20.59 

29.90 
42.12 

58.27 
79.54 

107.12 
142.30 
186.65 

242X>5 

310.90 

39560 
498.55 

622.10 



3-89 

5.96 
9.29 

I4.3> 

2141 
30.98 

43.53 
60.14 

81.99 

iia27 
146.29 
191.65 
248.30 
3>8.65 

405.05 
509.90 
635-70 



4.05 
6.23 

9.71 
14.92 

22.25 
32.09 

44-99 
62.04 

84.51 

113.50 
150.38 
196.75 
254.65 
326.50 

414.65 
521.50 
649.50 



4.22 

6.51 

10.15 

15.55 

23.1 X 

3323 
46.50 

64.06 

87. xo 

II6.8X 

154.57 

202.00 
261.20 

334-55 

424,45 

533-35 
663.55 



4.40 

6.80 

10.60 

X6.20 

34.40 
48.05 

66.10 

89.75 

120.20 

158.85 

207.35 
267.85 

342.75 

43445 
545-35 
677.85 



4.59 

7.10 

11.07 

16.87 

24.92 
35.60 
49.64 
68.X9 
92.47 

123.67 
163.25 

2I2.8o 

274.65 
35X.XO 

444.65 
557.60 
692.40 



4.79 
7.42 

11.56 

17.56 

25.86 
36-83 
51.28 

70.34 
95.26 

127.22 
167.70 
218.40 
281.60 

359.65 

455.00. 
570.05 
707.15 



5.00 

7.76 
12.07 
18.28 

26.83 
38.10 
52.96 

72.5s 
98.12 

130.86 
172.30 
224.15 
288.70 
368.40 

465.60 
582.70 
722.15 



5.22 
8.12 

12.60 

19.03 

27.83 

54.68 
74.82 

XOI.05 

134.59 
176.95 

230.00 

295.95 
377.30 

476.35 
595-60 

73745 



(g) Mercury. 



270* 

280 
290 

300 

310 
320 

330 
340 

350 

360 



123.92 

157.35 
198.04 

246.81 

304.93 
373.67 
454.41 
548.64 



126.97 
161.07 
202.53 

252.X8 

3'^-30 
381.18 
463.20 
558.87 



6j8x)3 669.86 
784.31 



130.08 
164.86 
207.10 

257.65 

3x7-78 
388.81 
472.12 
569.25 

68X.86 



133.26 

igg.73 
211.76 

263. 2 X 

324.37 
396.56 
481. IQ 

579.78 
694.04 



136.50 
X72.67 
216.50 

268.87 

33'-o8 
404.43 
490.40 
590.48 

70640 



1 39.8 X 
X 76.79 

22X.33 

274.63 

337.89 
412.44 

499.74 
60X.33 

7x8.94 



143-18 
X80.88 

226.25 

280.48 
344.81 

420.58 
509.22 

6x2.34 

73x65 



X46.6X 
185.05 

23x25 

286.43 

428.83 
18.85 

23.5X 

744-54 



X150.1: 



2 

S9.30 

236.34 



292.49 

359.00 
437.22 
528.63 
634.85 

757.61 



X 53.70 
X93.63 
24X.53 

29S.66 
366.28 

646.36 
770.87 
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Table 143. 
VAPOR PRESSURE OP SOLUTIONS OP SALTS IN WATER.* 



miwutr of 



The first column gives the chemical forraala of the salt. The headings of the other cnlnmns give the 
gram-molecules of the salt in a liter of water. The numbers in these columns give the lowering of the 
pressure produced by the salt at the temperature of boiling water under 76 centimeters barometric prta s un. 



Substance. 


0.6 


1.0 


a.0 


a.0 


4.0 


6.0 


6.0 


8.0 


10.0 


Al2(S04)s . . . 


12.8 


36.5 
61.0 






# 










AlCIs .... 


tl 


179.0 


318.0 












Ba(S08)s . 


154 


344 














Ba(OH)a . 


".3 


22.5 


39^ 














Ba(N08)a - 


«3-5 


27.0 
















Ba(C108)8 . 


15.8 


m 


70-5 
77.6 


108.2 












BaCla .... 


10.4 














BaBra .... 


16.8 


38^ 


91.4 


i5ao 


204.7 










Ca(S08)« . . . 
Ca(N08)a . . . 


9-9 


23.0 


56.0 


ic6.o 












16.4 


34.8 


74.6 


139-3 


1 61 .7 


205.4 






- 


CaCls .... 


17.0 


39^ 


95-3 
105.8 

18.1 


166.6 


241.5 


^^1 








CaBrj. 


177 


44.2 


191.0 


283.3 








CdSOi 


4.1 


8.0 














Cdls .... 


7.6 


14.8 


335 
30-7 


527 












CdBra. 


8.6 


17.8 


557 


80.0 










CdCla. 


9.6 


18.8 


36.7 


57.0 


77.3 


99-0 








Cd(N08)a . . . 
Cd(C108)a . 


15.9 


36.1 


78.0 


122.2 












17-5 


















C0SO4 


5-5 


10.7 


22.9 


130X) 












CoCla. 


15.0 


343 


83.0 


1864 










Co(N08)j . . . 




39-2 


89.0 


152.0 


2187 


282.0 


332.0 






FCSO4 


ia7 


24.0 


42.4 












H8B08 


12.3 


28!6 


38.0 


51.0 
62.0 










H8PO4 . . . 


6.6 


14.0 


45.2 
46.4 


81.5 


103.0 


146.9 


189.5 


H8ASO4 . 


7-3 


15.0 


30.2 


64.9 


• 








H2SO4 


12.9 


26.5 


62.8 


104.0 


148.0 


198.4 


247-0 


343-2 




KHaP04 . 


10.2 


»9-5 


33-3 


47.8 


60.5 


88!2 


85.2 






KNO,. 


10.3 
10.6 


21. 1 


40.1 


57.6 
62.1 


74-5 


102. 1 


126.3 


148^} 


KC108 


21.6 


42.8 


80.0 










KBrOs 


10.9 


22.4 


45.0 














KHSO4 . 


10.9 


21.9 
22.8 


43-3 
44.8 


653 


85.5 


107.8 


129.2 


i7ao 




KNOa 


II. I 


67X) 


90.0 


1 10.5 


>30-7 


167.0 


198.8 


KCIO4 


11.5 


22.3 
















KCl . . . . 


12.2 


24.4 


48.8 


74.1 


100.9 


128.5 


I $2.2 
100.0 






KHCOa . 


1 1.6 


23-6 


59.0 


77.6 


104.2 


132.0 


210.0 


255-0 


KI . . . . 


12.5 


m 


52.2 


82.6 


1 1 2.2 


141.5 


I7I.8 


225.5 


278.5 


K2Ca04 


139 


59.8 


94.2 


131.0 










K2WO4 . 


13-9 


330 


75.0 
68.3 


123.8 


1754 


226.4 








KaCOa 


14.4 


31.0 


105s 


152.0 


^2^2 


258.5 


350-0 




KOH .... 


15.0 


29.5 


64.0 


99.2 


140.0 


181.8 


223.0 


309-5 


387.8 


K2Cr04 . 


16.2 


29.5 


60.0 














LiNOa .... 


12.2 


25.9 


55-7 


88.9 


122.2 


1 55.1 


188.0 


2534 


309-2 


LiCl .... 
LiBr .... 
UaS04 


12.1 
12.2 

»3-3 


26.2 
28.1 


60.0 
56.8 


95.0 
97.0 
89.0 


132-5 
i4ao 


im 


219.5 
241.5 


3"-5 
341.5 


393-5 
438.0 


LiHS04 . 


12.8 


27.0 


IJ7 


930 


130.0 


168.0 








Lil ... . 


13.6 


28.6 


105.2 


154.5 


206.0 


264.0 


3S7-0 


445-0 


LiaSiFla . 


»5-4 


340 


70.0 


io6x) 












LiOH. 


\U 


37-4 


78.1 














LiaCr04 . 


32.6 


74.0 


120.0 


1 7 1.0 











* Compiled from a table by Tammaan, " M^m. Ac. St Petenb.** 351 No. 9, 1887. Set alto Referate, 
Phys." ch. a, 4a, 1886. 
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VAPOR PRESSURE OF SOLUTIONS OP SALTS IN WATER. 



Substance. 


0.6 


1.0 


a.o 


8.0 


4.0 


6.0 


6.0 


6.0 


10.0 


MgS04 


16.1 


12.0 


24.5 


47.5 












MgCl,. . . . 


390 


100.5 


183.3 
174.8 


277.0 


377-0 








MgrNO,), . . . 
Mgbr, . . . 
MgH,(S04)t . . 


17.6 


42.0 


10 1.0 


-^ 










179 
18.3 


44.0 
46.0 


115.8 
1 16.0 


2053 


298.5 










MnS04 


6.0 


10.5 


21.0 














MnCls. 


15.0 


34-0 


76.0 


122.3 


167.0 


209.0 








NaHaP04 . 


10.5 


20.0 


36.5 


5^7 


66.8 


82.0 


96.5 


126.7 


1 57. 1 


NaHS04 . 


10.9 


22.1 


47-3 


ua 


ioa2 


126.1 


148.5 


'?9-7 


i98!8 


NaNOt 


10.6 


22.5 


46.2 


90-3 


111.5 


131-7 


167.8 


NaClOs . 


11.6 


23.0 


484 


73-S 


98.5 


123.3 


147-5 


196.5 


223.5 


(NaPO,). . . . 
NaOH 


















11.8 


22.8 


48.2 


77.3 


107.5 


1391 


172.5 


243.3 


314.0 


NaNOa . 


1 1.6 


24.4 


50.0 


75.0 


98.2 


122.5 
99.8 


146.5 


189.0 


226.2 


NaHP04 . 


12.1 


23.5 


43-0 


60.0 


78.7 


1 22. 1 






NaHCO, . 


12.9 


24.1 


48.2 


77.6 


102.2 


127.8 


152.0 


198.0 


2394 


NaS04 


12.6 


25.0 


48.9 


74.2 
80.0 












NaCl .... 


12.3 


25.2 


52.1 


1 1 1.0 


143.0 
136.0 


176.5 






NaBrOs . 


12.1 


25.0 


54-1 


81.3 


108.8 








NaBr .... 


12.6 


25.9 


57.0 


89.2 


124.2 


159-5 


1975 


268.0 




Nal . . . . 


12.1 


25.6 


60.2 


99-5 


136.7 


177-5 


22IX> 


301.5 


370.0 


Na4Pj07 . . . 


13.2 


22.0 
















NajCOs . 


14-3 


27-3 


53-5 


80.2 


1 1 1.0 










NajCjO* . 


I4!8 


30.0 


65.8 


105.8 


146.0 










NaaW04 . 


33-6 


71.6 


1 1 5.7 


162.6 








- 


Na«P04 . 


16.5 


30.0 


52-5 














(NaPOs)s . . . 


17.1 


365 
















NH4NOg . 


12.8 


22.0 


42.1 


62.7 


82.9 


103.8 


I2I.O 


152.2 


180.0 


(NH4),SiFl« . . 


11.5 


25.0 


44-5 














NH4CI 


12.0 


237 


45.1 


69-3 


94.2 


118.5 


138.2 


179.0 


213.8 


NH4HSO4 . ... 


"•5 


22X> 


46.8 


71.0 


94.5 


118. 


139.0 


181.2 


218.0 


(NH4)2S04. . . 


1 1.0 


24.0 


46.5 
48.8 


69.5 


930 


1 17.0 


I4I.8 






NH4Br 


1 1.9 


239 


74.x 


99-4 


121. 5 


M5.5 
156.0 


190.2 


228.5 


NH4I .... 


12.9 


25.1 


49.8 


78.5 


104.5 


«32.3 


200.0 


2435 


NiS04 


5.0 


10.2 


21.5 














Nia, .... 


16. 1 


37.0 


86.7 


147.0 


212.8 










Ni(N08)2 . . . 


16.1 


37.3 


913 


iq6.2 
63.0 


235-0 










Pb(NO,)2 . . . 


"•3 


23-S 


45.0 












Srrso,), . . . 

Sr(NO,)a . . . 


7-2 


20.3 


47.0 














15.8 


31.0 


64.0 


97.4 


i3>-4 










SrCls • . • • 


16.8 


38.8 


91.4 


156.8 


2233 


281.5 








SrBrs .... 


17.8 


42.0 


lOI.I 


179.0 


267.0 










Z0SO4 


4.9 


10.4 


21.5 


42.1 


66.2 










ZnCl, .... 


9.2 


18.7 


46.2 


75.0 


107.0 


153-0 


195.0 






Zn(NO,), . . . 


16.6 


39-0 


93-5 


157.5 


223.8 











OmnwoiiiAii Tabus. 
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TaslKS 144-146. 

PRESSURE OP SATURATED AQUEOUS VAPOR. 
TABUB XM.— AtLowTMapvatBTC. Onrlo*. 

Temperatures Centigrade. 








1 


1 


8 


4 


6 


6 


» 


8 


, 9 




mm. 


mm. 


mm. 


mm. 


mm. 


mm. 


mm. 


com* 


IDA. 


mm. 


—60 


0.008 


0.007 


0.005 


aoo4 


aooi 
.018 


0.003 
.010 










-50 


.029 


.026 


.023 


.021 


aoi4 


0X112 


aoio 


0«J9 


—40 


.094 


.083 


•074 


.066 


x>^9 


.052 
.163 


.047 


XS42 


-037 


"^^ 


—30 


.280 


.252 


.226 


.203 


.182 


.146 


•'^' 


.117 


.105 


—20 

—10 


0.770 
1.947 


0.609 
1.780 


0.633 
1.627 


i486 


0.519 
1-356 


0.469 
1.237 


0.424 
1. 1 27 


0.383 
1.026 


•345 
0.933 


•5" 
oi4 


— 


4.579 


4.215 


3.879 


3566 


3.277 


3-009 


2.762 


2.533 


2.322 


2.121 



Taken from Landolt-BOnisttin, PhynkaliKli-Chemisdie Tabellen, t^tz, 
TABLB 14B.-AtLowTfBptnrtnt. Ow Water. 








1 


S 


8 


4 


5 


6 


7 


' 8 


8 


—10 
— 

+ 


mm. 
2,144 

4-579 
4.579 


mm. 

1-979 
4.25s 
4.926 


mm. 
1.826 

3-952 
5.294 


mm. 
1.684 

3.669 
S.68S 


mm. 
I.551 

3.404 
6. 1 01 


1.429 

3-158 
6.543 


mm. 

I.315 
2.928 

7.014 


mm. 

2.712 
7.5»4 


8.046 


2.321 
8.610 



Taken from Landolt>Bdmstetn, Physikaliach-Chemische Tabeflen, 191a. 

TABLB 148. -0° to BOO 0. Hytfzegn Soalt. 

Values interpolated between those given by Scheel and Heuse for every degree 
50° C. Annalen dcr Physik. (4), 31, p. 731, 1910. 



o®ai 





.0 


.1 


.8 


.8 


.4 


.6 


.8 


.7 


.8 


.8 




mm. 


mm. 


mm. 


mm. 


mm. 


mm. 






mm. 


mm. 


oP 


4.579 


4.613 


4.647 


4.681 


4.715 


4.750 


4.78s 


4.820 


4.855 
5.218 


4^ 


I. 


4,926 


4.962 


4.998 


5.034 


5.071 


s-'K 


5.144 


5.181 


5.256 


2. 


5.294 


5-332 


5.370 


5.408 


s-i^Z 


5*5* 


5-525 


5.564 


5.604 
6.015 

6.453 


S058 
6.498 


3- 

4. 


5.68 c; 
6. 10 1 


1-725 
6.144 


5.766 
&187 


5.807 
6.230 


5.848 
6.274 


& 


1% 


^ 


I: 


6.543 


6.589 


6.635 


6.681 


6.728 


6.775 


6.822 


6.870 


6.918 


6.966 


7.014 

7-514 
8.046 


7.063 
7.566 
8. 1 01 


7.II2 
7.618 
8.156 


7.171 
7.670 
8.212 


7.210 


7.260 
7776 
8.324 


7.310 
8.381 


8!43^ 


6.412 
7.937 
8.495 
9.087 


7.463 

7.99* 
8.552 


9. 


8.609 


8.668 


8.727 


8,78^ 


8.845 


8.905 


8.965 


9.026 


9.148 


10. 


9.210 


9.272 


9-334 


9.396 


9.459 


9.522 


9.586 


9.650 


9.715 


9.780 


II. 


9.845 


9.911 


9-977 


10.043 


10.110 


10.177 


10.245 


10.313 


10.381 


10.450 
11.100 


12. 


10.519 


10.589 


10.659 


10.729 


10.800 


10.871 


10.943 


11.015 


11.087 


»3. 


"•233 


11.307 


11.381 


11.455 


11.530 


11.605 


11.681 


".757 


11.834 


11.912 


14. 


11.989 


12.067 


12.146 


12.225 


12.304 


12.384 


12.464 


12.545 


12.626 


12.708 


'5- 


12.790 


12.873 


12.956 


13.039 


13.123 


13.207 


13.292 


13.378 


13.464 


13.550 


16. 


'3637 


13-724 


13.812 


13.900 


13-989 


14.078 


14.168 


14.258 


•1^ 


14.441 


17. 


H-533 
1 5.480 

16.481 


14625 
15.578 
16.584 


14-718 


14.811 


14-905 
15.874 

1&897 


14.999 


15.094 
16.074 
17.109 


15.190 


1S378 
17-430 


18. 

19. 


15.676 
16.688 


'5-775 
16.792 


15-974 
17.003 


16.175 
17.216 


10.276 
17.323 


20. 


I7S39 
18.655 


17.648 


\mi 


17.867 


17.977 


18.088 


18.200 


18.313 


18.426 


18.540 


21. 


18.770 


19.002 


19.119 


19.236 


19354 
20.569 

21.551 


19-473 


19.592 
20.820 


19.712 


22. 


19.832 


'9953 


2ao75 


20.197 


20.320 


20.444 


20.694 
21.983 


20.947 


23- 


21.074 


21.202 


21.330 
22.654 


21.459 


21.589 


21.720 


22.116 


22.249 


24- 


22.3^3 


22.518 


22.790 


22.927 


23.065 


23.203 


23.342 


23.482 


23.622 


25- 


23.763 


23.905 


24.048 


24.192 


24.336 


24.481 


24.627 


24.773 


24.920 


25.068 



Smithsonian Tablks. 



Tables 146-147 {cmtinmtd). 

PRESSURE OF SATURATED AQUEOUS VAPOR. 

TABLB146(f<Fi»/<WMriO~Ooto60<>0. BydrognSoftle. 
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a7- 

30. 
3«. 

33- 

34- 

35- 

36. 
37- 
38- 

39- 



4x. 
4i- 
43- 
44- 

4S- 

4& 

49" 



•O 



■Dm. 

35.217 

26.747 

28.358 

30.053 

51.834 

33.706 

35-674 
37-741 
39.911 

43.188 

44-577 
47.08a 

40708 
5*-459 

55-34« 

58.36 
61.53 
64.82 
68.28 

71.90 

75-67 
79.6a 

83.74 
88x>5 



.1 



nun. 

35.367 

36.904 

28.534 

3a336 

33.017 

33.899 
35-876 
37-953 
4o-»34 

43.433 

44-8a 

47-34 
49-98 

5»-74 
55-63 

58.67 
61.84 
65.16 
68.^ 

73.37 

76.06 
80.03 

88.49 



mill. 

35.517 

37.06a 

38.690 

30.401 

33.201 

34.093 
36.079 
38.166 
40.358 

4».657 

45-o6 
47.60 
50.35 
53.0a 

55-93 

58.98 
63.16 
65.50 
68.99 

73.64 

76.45 
80.43 
84-59 
88.93 



.3 



nun. 

35.668 

37.331 

28.857 

30.577 

3*386 

34.a88 
36.283 
38.380 
40.583 

43.893 

45.30 
47.86 
50.53 
53.30 

56.33 

59.29 
62.49 
65.84 

69-35 

73.01 

76.84 
80.84 
85.0a 

89-37 



•4 



inni. 
35.830 
27.381 
29.035 

30.754 

33.57* 

34'483 
36.488 

38.595 
40.809 

43.130 

45-55 

48.1a 

50.79 
53-58 

56.53 

59.60 
63.82 
66.18 
69.71 

73-38 



I 



7.33 
1.35 

85-45 
89.8a 



mni* 

35.97a 

37.543 

39.194 

30.933 

3».759 

34-679 
36.694 

38.813 

41.036 

43.368 

45.80 
48.38 
51.06 

53.87 

56.83 

59-93 
63.15 

66.53 
70.07 

73.76 

S7.6a 
1.66 
85.88 
90-37 



nun. 
36.135 
37.704 
39.364 
31. Ill 

33.947 

34-876 
36.901 
39.030 
41.364 

43.607 

46.05 
48.64 

5«-33 
54.16 

57- «3 

60.34 
63.48 
66.88 
70.43 

74- »4 

J 8.03 
3.07 
86.31 
90.7a 



.7 



mm. 

36.379 

37.866 

»9-535 
31.391 

33.135 

3S-074 
37.109 

39.249 
4«-493 

43-847 

46.30 
48.90 
51.60 
54-45 

37-43 

60. <6 
63 .8z 
67.33 
70.79 

74-53 

78.43 
83.48 

86.74 
91.17 



niin. 

36.434 
38.039 
39.707 

3»-47" 

33.334 

35.373 
37-3 «8 

39.469 
4«-733 

44.089 

46.56 

49- > 7 
51.88 

54.75 

57-74 

60.88 
64.14 
67.58 
71.16 

74.90 

78.83 
83.90 

87.17 
91.63 



niin. 

36.590 

38.193 

29.879 
31.653 

33.5>4 

35*473 
37.539 
39.689 

4«-95S 
44-333 

46.83 

49-44 
53.16 

5505 
58.05 

61.30 

64-48 
67.93 

7 •.53 
75-38 

79.33 

8333 
87.61 
93.08 



^^^^ 






TABLB147. 60otoS74»0. By«ro|«i SoiOa 


t 











1 


2 


8 


4 


6 


6 


7 


• 


9 




mm. 


mm. 




mm. 


mm. 




mm. 


mm. 


mm. 


mm . 


B^ 


93.54 


97-34 


X03.X3 


107.34 


112.56 


118.11 


133.89 


139.90 


X36. 16 


143.68 


60. 


149.46 


156.53 


163.85 


171.47 


179.40 


187.64 


196.19 


305.07 


314.39 


323.86 


2!" 


»33-79 


344. It 


354.83 
385.35 


365.91 


377-41 


389.33 


301.65 


Ki'^ 


327.64 


341-33 


8a 


355-47 


370.11 


400.90 


417.08 


433.79 


451.07 


468.91 


487.33 


506.36 


90. 


526.00 


546.37 


567.19 


588.77 


6x14)4 


634.01 


657.69 


683.11 


707.39 


733-34 


too. 


760.00 


787.57 


8XJ.9 
XX48.7 


845-« 


875-* 


906.x 


937-9 
1309.8 


970.6 


1004.3 


1038.8 


no. 


1074.5 


IXll.I 


1187.4 


1337.1 


1367.9 


1353.8 


13970 


'443.4 


13a 


1488.9 


1536.6 


X585.7 


1636.0 


1687.5 


'740.5 


"7947 


1850.3 

3487.3 
3290.8 


1907.3 


1965.8 


130. 


2025.6 


3086.9 


■149.8 


3314.0 


3380.0 


3347.5 


3416.5 


3559-7 
3381.3 


3633.8 


140. 


2709.5 


2787.1 


3866.4 


3947.7 


3030.5 


3115.3 


330a. 1 


3474-0 


IJO. 


3568.7 


3665.3 


3764.1 


3864.9 


3968. 


4073. 


4181. 


4390. 


4403. 


4517. 


ite. 

3: 


4^33 
5937 


6081 


4874 

6339 


6379 


6533 


^ 


§ 


55«8 
7010 
8802 


5655 
7175 


5794 
7343 


75M 


7688 


7866 


8046 


8330 


8417 


8608 


8999 
11168 


9300 


19a. 


94«4 


961a 


9833 


10038 


10356 


«0479 


10705 


»0934 


11406 


SOD. 


11647 


"893 


13X43 


13397 


13654 


13916 


13183 


>34S3 


13738 


14007 


3ia 


14*9' 


«4578 


14871 


15167 
18394 


15469 


«5774 
19098 


16085 

19458 


16401 


1672 1 


17046 


tio. 


«7376 


177x0 


18049 
21738 


»8743 


19833 


30193 


30570 


110. 


20950 


3x336 


33135 


33538 
36873 


33936 


33350 


33770 
38294 


XV. 


34626 


a«o. 


25064 


35506 


35956 


36413 


37341 


^7815 


39272 


250. 


39771 


30376 


30788 


31308 


31833 


33364 


33903 


33448 


34001 


34561 


afia 


35«a7 


35700 


36380 


36868 


37463 


38061 
44498 


38675 


39291 


39915 


40547 


ri^ 


41x86 


41833 


43487 


43«SO 


43820 


45184 


^5*22 


46580 


47290 


2«e. 


480x1 


48738 


49474 


50319 


50973 


X^ 


53506 


53388 


54079 


54878 


399. 


55680 


56500 


57330 


58170 


59010 


60730 


61610 


63490 


63390 


ya. 


64390 


65300 


66xao 


67060 




68950 


69910 


70890 
81x80 
9260U 


71870 


73860 
83370 
95040 


Sto. 
3». 


73860 
84480 


74880 
856x0 


86750 


76940 
87900 


77980 
89050 


79040 
90330 


80110 
91400 


83270 
93830 


S30. 


96370 


975 »o 


98770 


100040 


10x330 


ioa6io 


X03930 


105350 


106580 


107930 


J40. 


109300 


1x0670 


1x3050 


"3450 


114870 


116300 


117750 


119310 


130680 


132x60 


350. 


133660 


135x70 


136690 


138330 


139790 


131370 


133960 


134560 


136180 


137830 


3ia 


139480 


141150 


143850 


144560 


146300 


148100 


149900 


151700 


153500 


155300 


1 370. 


157300 


159x00 


161000 


X63000 


164900 
















Taken from Landolt-BOrnsteiQ Tables and based upon the following data : «>-7o^f Nernst, Verb. d. D. Phys. Ges. it, 
\fft 1910; To-xoc/'. ReKnault, computed by Broch, 1881, improred by Wiebe, ZS. fur Instrnm. it, p. 339, 1893, also 
Tuchi fQr die Spannknit des Waaaerdampfes, Braunschweig, 1903 ; 100-374S Holboni, Henning, Baumann, Anaalea 
w Pbynk, 36, p. 833, 1908, 31, p. 945, 1910. 
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Tablks 148-160(ft). 



TABLE 148. 


- Wfllffkt in OrtiBB of th» A«smu Vipor omUilwgd im a (taUo Foot of SatiiBtid it* 


Temp. 

up. 


0.0 


1.0 


a.o 


3.0 


4.0 


0.0 


6.0 


7.0 


0.0 


n 

•A 


-10 
+0 

10 
20 

30 
40 

50 

60 

70 
80 

90 

100 

no 


0.285 

0.481 
0.481 

0.776 
^•235 

1-935 
2.849 

4.076 

5-745 
7.980 

10.934 
14.790 

19.766 
26.112 


0.270 
0.457 

o!8i6 
1.294 
2.022 

2-955 

4.222 

J.941 

8.240 

11.275 

15-234 

^11 


0.257 
0434 

0.856 

1-355 
2.113 

3-064 

4-372 

6.142 

8.508 

11.026 

15.689 

20.917 
27.570 


0.243 
a4ii 

o!898 
1.418 
2.194 

3-177 

4.526 

^•349 
8.782 

11.987 

16.155 

21.514 
28.325 


0.231 
0-389 

0.582 
0.941 

1.483 
2.279 

3-294 
9.066 

16.634 

22.125 
29.096 


0.218 
0.370 

0.610 

0.985 

2.366 
3414 

4.849 

6.782 

9-356 

12.736 
17.124 

22.750 

29.887 


0.207 
0.350 

0.639 
1.032 
1.623 

2457 
3-539 

5.018 
7.009 

9-655 
17.626 

23-392 


0.196 
0-332 

0.671 
1.079 

1-697 

11^ 

5.191 

7.241 

9.962 

13.526 

18.142 

24.048 


0.184 

0.316 

0-704 
1. 128 

2.646 

3-800 

S-370 

7.480 

10.277 

13-937 
18.671 

24.720 


0.174 
ajooj 

<^7JSI 

1-853 
2.740 

3-93^ 

5-55S 

7.726 

ia6ot 

14-3S9 
19.2U 

25408 



* Sm " Smithionian Meteorologiad Tables," pp 133-133. 



TIBLB 140. — WilffMlBOnaiof thoMVMuViporooBtilBOdtnaOnUoHotorolSatniliAAir. 



Temp. 


0.0 


—20 

—10 


0.892 

2.154 
4-835 


000 

1 M M 


4-835 

9-330 

17.118 


30 


30.039 



1.0 



0.810 

'•978 

4468 
5.176 

9-935 
18.143 

31-704 



2.0 



0-737 
1.811 

4.130 

5-538 
10.574 
19.222 

33-449 



a.o 



0.67 
1.65 
3-813 

5.922 

11.249 
20.355 
35.275 



4.0 



0.613 
1.510 

3-518 

6.330 
11.901 
21.546 
37.187 



6.0 



0.557 
1.395 
3.244 

6.761 
12.712 
22.796 

39-187 



6.0 



0.505 
1.282 
2.988 

7.219 

13505 
24.109 

41-279 



7.0 



0.457 
1.177 
2.752 

7.703 
14.339 

25-4»7 
43.465 



8.0 



0413 
1.079 

2.537 

8.21 
15.21 
26.933 

45.751 



M 



0.373 
0.9S2 

2.340 

8.757 
16.144 

28450 
48.138 



TABLB 160(0)— FiMiiiro of AftiiMiift Vapor In thoAtmo«9b«i. 

For various altitudes (barometric readings). 

The first column girea the depreesion of the wet-bulb temperature t, beJow the sir temperature t Tlie ▼«l«««f 
respondiDK to the baromciric height at the altitude of observation is to be subtracted from the vapor preseore cone- 
spondinK to the wet-bulb temperature taken from Table 146. The temperature corresponding to this vapo* presaun 
tSten from Table 146 is the dew point. The wet bulb should be ventilated about 3 roetera per second. For Ma-levd 
use Table 1 50(b). Example : t = 35®, ti = 30O, barometer 74 cm. Then 31 83 — 2.4b = a9.37 ««»• = ■queous vapor pres- 
sure ; the dew point is a8.6° C. ... , . 1 .•» . 1 

Abridged from Smithsonian Meteorological Tables, 1907. 



t — tl 

oc 










Barumetric pressure in centimetere. 










74 


72 


70 


68 


06 


64 


62 


60 

mm. 


66 


66 


64 


62 


60 


46 




mm. 


mm. 


mm. 


mm. 


mm. 


mm. 


mm. 


mm. 


mm. 


mm. 


mm 


mm. 


mm. 


lO 


0.50 


0.48 


0.47 


0.46 


0.44 


0.43 


0.42 


0.40 


0.39 


0.38 


0.36 


0.35 


0.34 
0.67 
1. 00 


0.3a 
064 
0.06 
1.2S 


a 
3 


0.98 
'•47 


0.96 
(•43 


0.93 
1-39 


0.90 
I3S 


0.88 
1.3* 


0.8s 
1.28 


0.82 

1.24 


0.80 
i.ao 


0.77 
1. 15 


0.75 
1.1a 


0.72 
1.08 


0.69 
1.04 
1.38 


4 


1.97 


1. 91 


1.86 


181 


«-75 


1.70 


1.65 


160 


t.54 


1.49 


«-44 


I. S3 


1 
I 

9 


1.46 
a-95 
3-45 
3-95 
4-44 


a.39 
a.87 

3.84 
4.3a 


a. 3a 

a. 79 

').26 

3.73 
4.ai 


a.a6 

a.71 

3«7 
S.63 
4.09 


a. 19 
a. 63 
3.08 
3-53 
397 


2.1S 
a- 55 

2.99 
3 •4a 
3.85 


a.o6 

a.47 
a.89 

3-3t 
3-73 


1.99 

a.39 
a. 80 
3.ao 
3.61 


1.93 
a.3a 
a.71 
3.10 

3-49 


1.86 
a.a4 
3.61 

2.99 
3 37 


1.80 
2.16 
2.5a 

2.88 

3-25 


«-73 
2.08 

a.43 

2.78 

3-13 


1.66 
a.oo 

a. 33 

a.67 

3-0© 


1.60 
1.9a 
2.a4 
«.56 
3.8i» 

1 


to 
II 

IS 

IS 


4-94 
5.44 
5-94 
6.45 


4.81 

5 -30 
5.78 
6.17 


4.68 

S-«5 

5.6a 

6.10 


4-54 

546 
5.9a 


4.4« 
4.86 

S-30 

S.75 


4^a8 
4.7« 
5-»4 
5-57 


4.«4 

4.98 
5-40 


4.01 

4.8a 
5.23 


3.88 

4*7 
4.66 

5.05 


3.74 
4.1a 

4- SO 
S.a6 


3.61 
3-97 
4-34 
4.62 


3.48 
3.8s 
4.t8 

til 


4.0a 
436 
470 


3.85 

4.18 

4-5« 


«4 


6.95 


6.76 


6.58 


6.39 


6.ao 


6.01 


5.83 


5.64 


5-45 


5.07 


«7 


7.46 
7.96 

8.47 


7.26 

7.75 
8.24 


7.06 

8.0a 


6.8s 
7S« 
7' 79 


6.6s 
7.11 
7.56 


6.45 
6.89 

7-33 


6.a$ 
6.68 
7.10 


6.0s 
6.46 
6.87 


5.8s 
6.24 
6.64 


6.03 
6.41 


5.44 
5.81 
6.18 


5.60 
595 


5.38 
S'7» 


4-84 
5-«7 
5-50 


•mitnsonian 


Tablk 


0. 


■^^ 


^^■" 


^^■" 




^"^ 















Table 150(b). 
PRESSURE OF AQUEOUS VAPOR IN THE ATMOSPHERE. 
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I nWr fptwtM the vapor prenore corresponding to Tarioas values of the difference / — /(between the readings of 
hy auDtd wet bulb themunneters and the temperature /( of the wet bulb thermometer. The differences t — ti are 
BvtB by two-degree steps in the top line, and /i by degrees in the first column. Temperatures in Centigrade 
^m^^n * aod Regnaolt's vapor pressures in millimeters of mercury are used throughout the table. The table was 
Guoilated for barometric pressure B equal to 76 centimeters, and a correction is given for each centimeter at the 
top of the columns.* Ventilating velocity of wet thennometer about 3 meters per second. 



1** 


*=l^ 


a 


4 


6 


8 


10 


la 


14 


16 


18 


20 


IT 


Conecti 


ons for 






















B pel 


r oeati- 
.t 


.013 


•OSO 


.040 


.053 


•u66 


.079 


.09a 


.106 


.X19 


.132 




^10 


1.96 


0.96 




















o.ioo 


H 


2.14 


1. 14 


0.14 














0.100 


2-33 


1-33 


0.33 










ExampU, 




0.100 


12 


2.76 


1.76 


053 

0.76 










r.a 


0.100 
0.100 


^^^s 
















/i= 10.0 






3^i 


2.01 


1.00 












O.IOO 


—4 


3-28 


2.28 


1.27 


0.27 




— — /-I 
Tabular number = 6.12 — 6 X . 101 = j 


>.5> 


aioo 


—3 

—2 


l^ 


l-^ 


1.56 
1.87 


0.56 
087 




Correction for ^ = 1.5 X .048 . . = 
Hence we get> . . . = « 


.07 
t.58 


0.100 
0.100 


— I 


4.22 


3.22 


2.21 


I.21 


021 










aioo 





4-60 


3.60 2.59 


1-59 


0.59 










0.100 


I 


4^ 


3-93 


2.92 


1.92 


0.92 






1 






aioo 


2 
3 


1^ 

OlIO 


tig 


1^ 


2.28 1.28 
2.67 1.66 


0.27 
0.66 












0.100 
0.101 


4 


5-09 


4.09 


308 


2.07 


1.06 


0.05 










0.101 


5 


6^53 


5-52 


4.51 


350 


2.49 


1.48 


0.48 










O.IOI 


6 


7.00 


^^ 


4.98 


3-97 


2.96 


1.95 


0.94 










aioi 


i 


7-49 


5-47 


4-45 
4.98 


3-44 


2.43 
2.96 


1.42 


041 








0.101 


8x>2 


7X>i 


5.99 
6.54 


3-97 


1.94 


0.93 
1.48 








O.IOI 


9 


8.57 


7.56 


5-53 


4.51 


3.50 


2.49 


0.46 






0.101 


10 


9-n 


8.16 


7.14 


6.12 


5.11 


4.09 


3.08 


2.07 


1.06 


0.05 




0.101 


II 


9-79 


8.77 


7.76 


6.74 


0.39 


4.71 


369 


2.68 


1.66 


0.64 




0.102 


12 


10.46 


9-44 


843 


7.41 
8.10 




4.36 


3-34 


2.32 


1.30 


0.28 


0.102 


13 


II. 16 


iai4 


9.12 


7.09 


5.05 


403 


301 


1.99 


0.97 


0.102 


M 


1 1. 91 


10^ 


9-87 


8.85 


7.83 


6.81 


5.79 


4.77 


371 


2.69 


1.67 


0.102 


15 


12.70 


11.68 


1066 


9.64 


8.62 


7.60 
8.43 


658 


5.56 
6.39 


4-54 


352 


2.50 


0.102 


16 


>3-54 


12.52 


11.50 


10.47 


9-45 


7.41 
8.28 


6.24 


4-35 


3-33 


ai02 


% 


14^2 


13.40 


12.37 


"•35 


10.33 
11.26 


9-3> 


7.26 


5.22 


4.20 


0.102 


15-36 
16.3s 


14.34 


i3-3> 


12.29 


10.24 


9.21 


8.19 


I'^l 


6.15 


5.13 


0.102 


«9 


15-33 


14.30 


13-27 


12.25 


11.22 


1020 


917 


8.15 


7.13 


6.1 1 


0.102 


SO 


17.39 


16.37 


15.34 
16.45 
17.60 

18.83 


i4.3» 


13.28 


12.26 


11.23 


1021 


9.18 


8.15 


7.12 


0.103 


SI 

«3 


18.50 
1^66 
2080 
22.18 


18.63 

I9!86 


15-42 
16.57 

17.80 


14.39 
15.54 
16.77 


1336 
14.51 
15.74 


1 2.3' 

13.48 
14.71 


11.31 
12.46 

1368 


10.28 

11-43 
12.66 


9.25 
10.40 
11.63 


8.22 

9-37 
10.60 


0.103 
0.103 
0.103 


M 


21.15 


20.12 


19.09 


18.05 


17.02 


15.99 


14.96 


1394 


12.91 


11.88 


0.103 


25 


23-55 


22.52 


2M9 


20.45 


TA 


18.39 
19^2 


17.36 


16.33 


15.30 


14.27 


13.24 


0.103 


j6 


24-99 


23.96 


23.92 


21.89 


18.79 


17.76 


16.73 


15.70 


14.67 


0.103 


2 


26.51 


25.48 


24.44 


23.40 


22.37 


21.34 


20.' 
21.89 


19.27 


18.24 


17.21 


1618 


0.103 


28.10 


27.07 


2603 


24.99 


23.96 


22.92 


20.85 


19.82 


18.79 


17.76 


0.103 


>9 


29.78 


28.75 


27.71 


26.67 


25.63 


24.59 


2356 


22.52 


21.49 


20.46 


1943 


0.103 


SO 


3155 


30-51 


29-47 


28.43 


27.40 


2636 


25.32 


24.29 


2325 


22.22 


21.18 


0.104 


3> 


33-41 


32.37 


31-33 


3029 


29.25 


28.22 


27.18 


26.14 


25.10 


24.07 


2303 


0.104 


3« 


35-36 


34-32 


33.28 


32.24 


31.21 


30.17 


29.13 


28.09 


27.05 


26.01 


2497 


0.104 


33 


37-4J 


36.37 


35-33 
3748 


34.29 


3325 


32.22 


31.18 


30.14 


29.10 


28.06 


27.02 


0.104 


34 


39-57 


38.53 


3644 


35.40 


34.36 


33-32 


32.28 


31.24 


30.20 


29.16 


0.104 


S5 


41-83 


40.79 


39-74 


33.70 


37.66 


3662 


3558 


34.54 


33.50 


32.46 


31.42 


0.104 


36 


44.30 


43.16 


42.11 


41.07 


40.03 


38.99 


37.95 


36.90 


3^.86 
38.35 


34.82 


33.78 


C.104 


i 


46.69 


48.26 


44.60 


43.56 
46.17 


42.52 


41.48 


40.44 


39-39 


37.31 


'^^V 


0.104 


49-30 


47.21 


4513 


4408 


43-04 


41.99 


40.95 


39.91 


38.87 


0.104 


9 


52-04 


51.00 


49-95 


48.91 


47.86 


46.82 


45.77 


44.73 


43-68 


42.64 


41.59 


0.105 



• Tlwnbit 



ealcalated from the formula >=/i — ObOoo66J9(/— /i)(i-faooix5/i) (Ferrel, Annual Report 



SbaI OflBcer, 1886, App. 94). 



kaa than 76 to* conrMtioD it to be wddtdf and when B it greater than 76 \\ \a \o\)it «»\>tncft«^ 
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Tablk 161. 
RELATIVE HUMIDITY. 



Vertical arnnnent it the observed vapor pressure which may be computed from the wet ind 
dry-bulb readings through Table 150a or 150b. The horiiontal argument is the observed air 
temperature (dry-bulb reading). Based upon Table 45, p. 142, Smithsonian Meteorologiad Tiu 
bles, 3d Revised Edition, 1907. 



Vapor 
Pressure. 

BUB. 








Air Teaqieraturee, dry butb» * 


'CentiKnde. 




J 


00 —lo 


-a* 


-** 


-*»-•• -e«» -7* 


-^ 


-go _10B —u* -1»» 


-180 -140 — !•• .~ao> 1 


0.25 
0.50 
0.75 


6 6 
II 12 
17 18 


6 

13 
19 


7 

14 
21 


8 8 10 
15 17 18 20 
23 2$ 27 30 


II 
21 

32 


12 

23 
35 


13 4 15 

2C 28 30 
38 42 46 


17 

34 

50 


18 20 J2 

37 40 84 
55 60 96 


1.00 
1.25 
1.50 
1.75 


22 24 
27 30 


26 
32 
39 
45 


28 

35 
42 

49 


3? 33 36 40 

38 42 45 49 
46 50 54 }9 

53 58 63 69 


42 
75 


It 


51 56 61 
04 70 76 

e ^ '* 


67 
84 

too 


74 «0 
92 100 


2.00 
2.25 
2.50 
2.75 
3.00 
3.25 
3.50 


44 48 
49 53 

^ 1? 

66 71 

71 77 
77 83 


71 

s 

90 


70 


61 66 72 79 
69 75 81 89 
76 83 90 99 

84 91 zoo - 
92 too ' 

99 - - - 


86 
96 


93 


3.50 
3.75 
4.00 
4.25 
4.50 


•• 

88 

93 
99 


-!• -!• -•» 

83 90 9I8 ' 

89 97 - 
95 - - 

too "• — 


Vapor 

Pressure. 

Bun. 








Air Temperatures, dry bulb, * 


' Centigrade. 






«o le 10 


so 


«> 




10» 


no 


iflo Ifo 1«> ISO 


ISO 


ir ir ifo ss» 

1 


0.5 
1.0 
1.5 
2.0 
2.5 


II 10 9 
22 20 19 

33 31 28 
44 41 38 
55 5« 47 


27 

35 
44 


8 
16 

25 
33 
41 


87766 

15 14 13 13 " 
23 22 20 19 18 
31 29 27 25 23 

38 36 33 31 29 


5 
II 

16 

22 

27 


5 
10 

»5 
20 

26 


10 9 8 8 

14 13 13 " 
19 18 17 16 
24 22 21 20 


4 

7 
II 


7766. 
10 10 9 91 
14 13 12 12 
17 16 15 14 


3.0 
3.5 
4.0 
4.5 

5.0 


66 61 57 53 
77 71 66 62 
88 81 76 71 
99 92 85 80 
- - 95 88 


40 46 43 40 38 35 

58 54 50 47 44 41 

56 61 57 54 50 47 
74 69 65 60 56 5j 

83 77 72 67 63 58 


44 
49 
55 


41 
46 

51 


29 27 25 24 

34 3J 29 28 
38 36 34 32 

43 40 38 36 

48 45 42 39 


22 
26 

30 

33 
37 


21 20 18 17 
24 23 21 20 

28 26 2C 2j 
31 29 28 20 

35 33 31 *9 


5.5 
6.0 
6.5 
7.0 
7.5 


- - - 


97 


91 
99 


85 79 74 69 . 64 
92 86 80 75 70 
100 93 87 81 76 

- .00 94 85 82 

- - loo 94 88 


60 
66 

71 


67 
72 
77 


53 49 46 43 

58 54 51 47 
62 q8 55 51 

67 53 59 55 
72 67 63 59 


41 
44 
48 
52 
55 


38 36 34 32 
42 39 37 34 
45 42 40 37* 
49 46 43 40 
52 49 46 43 


8.0 
8.5 
9.0 
9.5 
10.0 


- _ - 


- 


- 


- - - 100 94 

- - - - 99 


88 


82 

87 
92 
97 


77 72 67 63 
82 76 72 67 
86 81 76 71 
91 85 80 75 
96 90 84 79 


f 

67 
70 

74 


56 52 49 46 

59 55 52 49 
§2 59 55 52 

66 62 c8 55 

69 65 61 S7 


- - - 


- 


. 




11.0 
12.0 
13.0 
14.0 
15.0 


- - - 


- 


- 




- 


- 


- 94 93 87 

- - - 94 


81 
96 


76 72 67 63 

83 78 74 69 

90 85 80 75 

97 91 86 80 

- 97 92 86 


16.0 
17.0 


"" •" ~ 


- 


" 




^ 


• 


" " • " 


- 


- - 98 9a 

- - - 98 



•mitnsonian Tables. 



Table 161 iconUmuo^ 
RELATIVE HUMIDITY. 



159 











Air Temperatures, dry bulb, < 


3 Centigrade. 














t«o 


210 


S9B ir 


s^ s»> 


t|o tto 


st» 


S»o 


M» 81» 


SS3 


M» 


M» 


MO 


sr> 


ir> 


tr 


tfo 


«r 


6 


5 


5 S 


1 t 

14 13 
18 17 


12 II 


4 


3 


I 1 

10 9 


9 


3 


3 


3 


2 


2 


2 


2 


2 


12 
17 


II 
16 


10 10 
»5 14 


7 
II 


7 
10 


1 


1 


5 

7 


5 
7 


4 
6 


^ 


^ 


4 
5 


23 


22 


20 19 


16 15 


14 


13 


13 12 


11 


II 


10 


10 


9 


9 


8 


8 


7 


29 


27 


25 24 


23 21 


20 19 


18 


17 


16 15 


14 


;i 


13 


12 


II 


II 


10 


10 


9 


34 


3; 


3i 29 


27 26 


24 25 
28 26 


21 


20 


19 18 


17 


15 


14 


14 


>3 


12 


12 


II 


*? 


3» 


36 34 
4] 38 


32 30 


25 


24 


22 21 


20 


19 


18 


17 


16 


»5 


14 


13 


13 


46 


43 


36 34 


32 30 


29 


27 


25 24 


23 


21 


20 


«9 


18 


17 


16 


»5 


IS 


52 


49 


46 43 


41 38 


36 34 


32 


30 


29 27 


25 


24 


23 


22 


20 


19 


18 


17 


16 


69 


65 


51 48 


45 43 


40 38 


36 


34 


32 30 


28 


27 


1^ 

30 


^i 


23 


21 


20 


19 


18 


66 62 


SO 47 
54 5« 


44 42 

48 45 


39 


37 
40 


^i^ 


3« 
34 


29 
32 


26 
29 


25 
27 


24 
26 


22 
24 


21 
23 


20 
22 


75 


70 


^^^ 


52 49 


44 


41 39 


37 


35 


33 


3* 


29 


28 


26 


25 


^i 


i»o 


76 


71 67 


56 53 


50 


47 


44 42 


40 


37 


35 


33 


32 


30 


28 


27 


26 



86 81 

92 87 

98 92 

- 97 



6 72 68 64 60 S7 53 50 
2 77 72 68 6a 60 57 54 

81 77 72 68 64 61 



48 45 42 40 38 36 34 32 30 29 27 

51 48 45 43 41 38 36 34 32 31 29 

P 34 



8 92 87 81 77 72 68 64 61 57 54 51 48 45 43 41 38 30 34 33 3> 

- 97 92 86 81 77 72 68 64 60 57 54 51 48 40 43 4i 39 37 35 33 

- - 97 91 86 81 76 72 68 64 60 57 54 51 48 45 43 4* 39 3° 35 



- - - 96 90 85 80 76 71 67 

- - - " 95 89 8x 79 7C 71 

94 88 83 78 74 

98 92 87 82 



100 



63 60 57 

^ ^ J^ 
70 66 62 



51 48 



45 43 41 38 36 
48 45 43 



40 38 



53 5° 
9 58 53 50 47 45 42 40 



96 91 85 



77 73 69 6c 62 58 55 52 49 47 4A 42 
81 76 72 68 64 61 57 54 51 49 40 44 



100 



89 84 

93 87 

96 91 

100 94 

- 97 



79 7^ 

8^ 81 

89 84 

92 87 



71 67 

74 70 

76 72 

9 75 

2 78 



63 60 56 54 $1 
66 62 59 
68 65 61 



j9 56 53 

58 55 

71 67 63 60 57 

73 69 65 62 59 



90 8c 80 



9 C 90 8 C 
98 93 88 



8 



91 8 
99 93 88 
- 96 91 



99 94 

- 96 

- 99 



76 72 

78 74 

81 77 

84 79 

86 81 

89 84 

91 86 

94 89 

96 91 

99 93 



9$ 
98 

100 



64 61 
66 61 



68 

70 66 63 

72 69 65 

75 71 67 

77 73 69 



79 75 71 

81 77 73 

84 79 75 

86 81 77 

88 83 79 

90 86 81 

93 88 83 

95 90 85 

97 92 87 

99 94 89 



48 46 

50 47 

52 49 

54 51 

56 53 

62 

63 

65 62 

67 64 

69 66 

71 67 

73 69 

75 71 

77 73 

79 75 

81 77 

83 78 

84 80 



96 91 86 82 

99 93 88 84 

- 95 90 86 

- 97 92 87 

- 99 94 89 



96 91 

98 93 

100 95 

- 98 



100 



A 



i6o 



Tables 161 («M«fcMM>t 1 62. 

TIBLB 161 (coiM!/iMietf).~R«UtlT0HttBliltF. 
(Data from 20° to 60° C. based upon Tables 146 and 147.) 



Vapor 

Pressure. 

nun* 



Air Temperatures, dry bulb, ° Centjgrade. 



I 



5 
10 
15 
20 
25 

30 
35 
40 
45 
50 

55 
60 
65 
70 
75 

80 
85 
90 
95 
100 

105 
110 
115 
120 
125 



40» 41» 4S0 «ao M3 4»> «•» «T« 4r 4f» ••> U" •!» •»>•«» M° •»> IP M" ■•• IT 



9988777666 
18 17 16 IS IS 14 13 13 12 II 



17 



27 26 24 23 22 21 20 19 18 

36 34 33 31 29 28 26 25 24 
45 43 41 39 37 35 33 3« 3° 



<4 u 49 46 44 42 40 38 36 34 
^3 00 57 54 5* 49 46 44 42 40 



4 


4 


4 


4 


4 


4 


3 


9 


8 


8 


8 


7 


7 


7 


:i 


13 

17 


12 
16 


12 
IS 


II 

«5 


10 
»4 


10 
«3 



72 68 6s 62 59 56 S3 so 48 4S 

81 77 73 69 66 63 S9 57 54 $1 

90 86 81 77 73 70 66 63 60 S7 

99 94 89 8s 81 76 73 69 66 62 

- - 98 93 88 83 79 75 72 68 

- - - 100 95 90 86 82 78 74 

- - « - - 97 92 88 84 80 

------999490 8s 



5 5 5 5 

II 10 10 9 

16 IS 15 14 

22 21 20 19 

27 26 24 23 22 21 20 19 iS 18 17 

32 31 29 28 27 2S 24 23 22 21 20 

38 36 34 33 3» 30 28 27 26 25 23 

43 41 39 37 36 34 32 3^ 29 28 27 

49 46 44 42 40 38 36 35 33 32 30 

^ 37 



54 5» 49 47 44 42 40 



35 33 



59 57 54 5' 49 46 44 42 40 39 37 

65 62 60 j6 S3 51 48 46 44 42 40 

70 67 64 61 58 S5 52 50 48 46 43 

76 72 68 6s 62 59 56 S4 5" 49 47 

81 77 74 70 67 64 60 58 S5 53 50 



- - - - - 100 96 91 86 82 78 7S 71 68 64 62 59 56 54 

. - - - _ _ - 97 92 87 84 79 7S 72 69 6s 62 & 57 

. - - - _ - _ -97938884807673696663& 

. »To M» M 3 too . _ . - 98 94 89 84 80 77 73 70 67 64 

125 96 92 88 84 - - - - - 98 93 89 8s 81 77 73 70 67 



130 100 95 91 87 

135 - 99 95 90 

140 - - 98 94 

145 - - - 97 

150 - - 



98 



89 8s 81 77 
93 89 8| 81 



97 93 
- 97 



74 70 
77 74 



100 



92 88 84 
96 92 88 84 



TABLB IBS. - RoUtiTt Huildltjr. 

This table gires the relatiTe hutntdity direct from the difference between the reading of the dry (t° C.) and the __ 
(ti ^ C.) thermometer. It is computed for a barometer reading of 76 cm. The wet thermometer shoula be Ycoitlattd 
about 3 meters per second. From manuscript tables computed at the U.S. Weather Bureau. 



-IB 

-la 

-3 


+3 



+3 

+ 12 

+ 16 
+ 18 

+ai 

+24 

+27 
+30 
+33 
+36 

+39 



Depression of wet-bulb thermometer, t^-t^^. 



•.ao o-4» o.«o o.v> x.r i-r 1.40 !.§<> i.r %jop t.v> t.r s.i» 4.a> 44» t.o» tjo 



go 
9a 
«M 

95 

96 
96 

97 



9» 

81 

89 

9« 

9a 

94 



7* 
77 
81 

85 
87 
89 
9« 



6a 

69 

75 
80 

8a 

85 
87 



53 

63 
70 

74 
78 
81 

84 



44 
54 
6a 

69 
74 
8 



I 



35 

47 
56 
64 
69 
74 
78 



a5 

39 
50 



7« 
75 



16 

3» 

44 
54 
61 

67 
7* 



7 
«5 

39 
49 
57 
64 
69 



7 ----- - 

»3 9 - - - - - 

36 15 13 a _ - - 

46 36 a6 17 7 - - 

55 46 38 a9 ai 13 6 

63 54 46 40 sa as 18 



o.5» 1.0^ 1.0O t.90 t.oo s.o» 8.t» i.a> 4.to •.00 a.t° t.o» •.a> t.r io.« u.« it.« 



9a 


84 


76 


94 


87 


80 


94 


88 


8a 


94 


89 


84 


95 


90 


55 


95 


90 


86 


96 


9« 


87 


96 


9a 


88 


96 


93 


90 


96 


93 


90 


96 


93 


90 


97 


93 


90 


97 


94 


9« 



69 

73 

76 

78 

80 
8a 
83 
85 

86 
86 
86 

u 



6a 
66 

70 
73 

76 
78 

79 
81 

8a 

8a 
83 
84 
85 



54 

60 

65 
68 

7« 
73 
75 
77 

79 

79 
80 
81 
8a 



46 
54 
59 
63 

66 
69 
7« 
74 

76 
76 

79 



40 
47 
53 
58 

6a 

65 
67 

70 

7a 
73 
74 
75 
76 



3a 
4« 
48 
53 

58 
61 

64 
66 

68 
70 

7« 
7a 

74 



a5 
35 
4a 

48 

53 

57 
60 

63 
65 

U 

70 
7« 



za 

a3 
3a 

S8 

44 
49 
53 
56 

f? 
63 
64 
66 



iz 

as 
30 

36 
4a 

46 

49 

53 
55 

57 
57 
61 



IS 

ai 

a8 

35 

39 
43 

47 
50 
sa 

12 



S 

la 

ao 

a7 
3a 
37 

4» 
44 
47 
SO 
5» 



13 

ao 
a6 
S« 

36 
39 
4a 

45 

47 



4 
«3 

»9 
a6 

3« 
35 

37 
4« 
43 



6 
13 

SI 

s6 
30 
33 
36 
39 



Table 153. l6l 

VALUES OF 0.378«.* 

Tbts table gives the humidity tcnn 0.37&, which occurs in the equation 8 = 80 rri = 80 z^ — 

for the calculation of the density of air containing aqueous vapor at pressure ^ ; 80 is the density 
of dry air at normal temperature and barometric pressure, B the observed barometric pressure, 
and h^B — 0.378^, the pressure corrected for humidity. For values of -tt see«Table 154. 
Temperatures are in degrees Centigrade, and pressures in millimeters of mercury. 



Dew 

Point. 


Vapor 

Pressure 

(ice). 


o.378«. 


Dew 
Point 


Va^ 

Pressure 
(water). 


o^78#. 


Dew 
Point 


Va^ 
Pressure 
(water). 


o.378r. 


—SO 


0.034 
.061 


0.01 





4-579 


!:2^ 


+30 


31.555 
33.416 


"-93 


45 


.02 


+ 1 


4.921 


31 


12.63 


40 


.105 


.04 


2 


5.286 


2.00 


32 


35.372 


nil 


35 
30 


•173 
.292 


.07 
.11 


3 

4 


& 


2.15 
2.30 


33 

34 


37427 
39.586 


14.15 
14.96 


-25 
24 


0.484 


0.18 
.20 


\ 


6.528 
6.997 


2.47 
2.65 


35 


41.853 
44.23 


15.82 
16.72 


23 


.coo 


.22 


I 


7.494 
§°f3 


2.83 


37 


46.73 


17.66 


22 


.048 


.24 


3.03 


38 


49-35 


18.65 


21 


.7M 


.27 


9 


8.584 


3.24 


39 


52.09 


1969 


—20 


0.787 


0.30 


10 


9.179 


3.47 


40 


54.97 


20.78 


It 


.868 


•33 


II 


9.810 


3.71 


41 


57.98 


21.92 


•955 


1 '^ 


10.479 


396 


42 


61.13 


23.12 


17 




.40 


'3 
14 


1 1. 187 


4.23 


43 


64.43 


24.35 


16 


1.148 


.44 


11.936 


4.51 


44 


67.89 


25.66 


—15 


1.257 


048 


IS 


12.728 


4.81 


t 


71.50 


27.02 


14 


1-375 
1.506 

1.650 


•52 


16 


13-565 


5.13 


75.28 


28.46 


13 
12 


% 


17 
18 


14.450 
16.367 


5.46 
5.82 
6.19 


% 


79.25 
83.36 
87.67 


29.95 

3i.5« 


II 


1.806 


.68 


19 


49 


33.14 


—10 


1.974 


0.75 


20 


17.406 


6.58 


50 


^l'\? 


34.84 


% 


2.154 


.81 


21 


18.Q03 


6.99 


5« 


96.87 


36.62 


2.347 


.89 


22 


19.661 


7.43 


52 


^^\U 


3847 


I 


2.557 
2.785 


•97 


23 


20.883 

22.178 


Z-92 
8.38 


53 


106.88 


40.40 


6 


1.05 


24 


54 


1 12.21 


4242 


—5 


3-032 


1.15 


^1 


23.546 


8.90 


"7.77 


44.52 


4 




I*2C 
1.38 


24.987 


9-45 


123.56 


46.71 


3 


27 


26.505 


10.02 


57 


129.59 
135.87 


48.98 


2 


M7 


28 


28.103 


10.62 


58 


51.; 6 
53.83 


I 


4.223 


1.60 


29 


29.785 


11.26 


59 


I424I 





4.579 


».73 


30 


31.555 


"93 


60 


149.21 


5640 



* This table is quoted from " Smithsoman MeteorologiGal Tables," p. ass. 



•■rrNeoiiiAii Tablks. 



l62 Tamks tB4-f66. 

RELATIVE DENSITY OF MOI8T AIR FOR DIFFERENT PRESSURES 

AND HUMIDITIES. 



TABLB 184. - VtXlM ol 



780 



*z=itoA = 8. tette OoBVitadai of Dtffivnt TatM ol Cte Bt/k 
of ABtwU to Voimal Bumotilo Pranoi. 



This jrives the density of moi»t air at pressure k in terms of the deodtr of the same air at normal atmospherp [ 

When air contains moisture, as is usually the case with the atmospneret we have the following equation for pressote 
term : A ^ B — 0.378^, where e 1% the vapor pressme, and B the correcte d barometric.preasore. When the n«crv 
sary psychroroetric oboervations are m;«de the value of t may be taken from Table 150, and then o.378r frt» Tabic 
153, or the dew«point may be found and the value of o.37lt« taken from Table 153. 



EzAMPLBs or UsB or -nim Tablb. 



h 


h 
780 


1 

2 

3 

4 

1 

7 

8 

9 


0.001 3 1 58 

.0020316 
^39474 

0.00J2672 
.00015789 
.0078947 

0.0092T05 
.0105265 
.0118421 



To find the value of -=- when A 

760 

A = 700 gives .91105 
SO " .065789 
4 " .005363 
.3 " .000395 



= 754.3 



754-3 



•99^97 



To find the value of -^ when A 

760 

4 = 5 8>^«s •0065789 
.7 " .0009a to 
.03 " .0000395 



= 5*71 



5-73 



•0075394 



Values 



TABLB 186. -▼■liiM of th» logazltliiiii of ;A flnr tiIvm of h tatWMn 80 aad 84a 

780 

from 8 to 80 may be got by subtracting i from the characteristic, and from 0.8 to 8 by sobtractiiv a from the 

characteristic, and so on. 



h 



80 

90 

100 

no 
120 
130 
140 

150 

160 
170 
180 
190 

200 

210 
220 
230 
240 

250 

260 
270 
280 
290 

300 

310 
320 

330 
340 



Values of log ~. 
760 



1.02228 
•07343 

T.11919 
.16058 

•19837 

•233^3 
.26531 

T. 29 528 

•3233^ 
•34904 
.37446 

•39794 

T.42022 
.44141 
.46161 
.48091 
49940 

i"-Si7i3 
53410 

S 

58158 

59631 
61055 

62434 

63770 

65067 




1.02767 
07823 

i235Jf 
16451 

20197 

23646 

26841 

29816 
32601 
352^8 
37686 
40022 

42238 

44347 
46358 
48280 
50120 

51886 



5«;2 
583- 



783 
;o8 



59775 
61 195 

62569 

63901 

65194 



1 



03300 
00297 

12779 
16840 

20555 
23976 

27147 

30103 
32870 

35471 
37926 

40249 

42454 
44552 
46c^«;4 

48467 
50300 

52059 
53749 
55376 

56944 
58457 

59919 
61334 
62704 
64032 
65321 



3 



1.03826 
0S767 

13202 
17226 
20909 

24304 
27452 

30388 

33137 
35723 
38164 

40474 

42668 

44757 
46749 

48654 
50479 

52231 
53914 
55535 
57097 
58605 

60063 

61473 
62839 

64161 

65448 



1.04347 
•09231 

T.I 3622 
.17609 
.21261 
.24629 

•27755 

T.30671 

•33403 
•35974 
.38400 

.40699 

T.42882 
.44960 
.46943 
.48840 
.50658 

r.52402 

•54079 
•55694 
•57250 

•58753 

7.60206 
.61611 
•62973 
.64293 

.65574 



1. 0486 1 
.09691 

T.I 40; 
.171 
.21611 
.24952 
.28055 

T.30952 

.33667 
.36222 

.38636 
.40922 

T.43094 
45162 

•47137 
.49025 

•50835 

'■•52573 

•54243 
.55852 

•57403 
.58901 

T.60349 
.61750 
•63107 

•64423 
.65701 



1.05368 
.10146 

T.I 4449 
.18364 

.21956 

.25273 
.28354 

T.31231 

.33929 
.36470 

.38870 

.41144 

^•43305 

.45364 

.47329 
.49210 

.51012 

i".52743 
•54407 
.56010 

•57555 
•59048 

T.60491 
.61887 
.63240 

.65826 



T.05871 
.10596 

T.14857 

.18737 
.22299 

.25591 
.28650 

1.31509 
•34190 
.36716 

.39128 
•41365 

M35»6 

•45565 
.47521 




1. 5291 2 

.54570 
.56167 

•57707 
•59194 

T.60632 
.62025 

.63373 
.646S2 

.65952 



T.06367 
.11041 

T.I 5261 
.19107 
.22640 

.25907 
.28945 

T.31784 
.34450 
.36961 

•39334 
41585 

M3725 
45764 

.47712 
•49576 
.5'364 

T.53081 
.54732 

.57858 
•59340 

7.60774 
.62161 
.63506 
.64S10 
.66077 



T.o6Sj8 
.11482 

T.I 5661 

•19473 
.22978 

.26220 
.29237 

T.32058 

.34707 

•37204 

•39565 
.41804 

M3933 

.459^3 

.47902 

.49758 
■51539 

1.53249 

•54894 

.56479 
.58008 

.59486 

T.60914 
.62298 

.63638 

.64939 
.66201 



Smitmsonian Tabucs. 



TA8LK 1 66 {c^tdimitd), 

DENSITY OF AIR. 



163 



TtlOM Of lOmltkBI of ^ lor TlllM Ol h WtWMB SM nA 800. 



Valnei of log — . 
760 



350 

360 

380 
390 

400 

410 
420 

430 
440 

450 

460 

470 
4S0 

490 

500 

510 

520 

530 
540 

550 

560 

580 
590 

600 

610 
6ao 
630 
640 

650 

660 
670 
680 
690 

700 

710 
720 

730 
740 

750 

760 
770 
780 

790 



1.66525 

.67549 
.68739 
.69897 
.7*025 

7.72125 

.73'97 

.74244 
.75265 

.76264 

T.77240 
.78194 
.79128 
,80043 
.80938 

1.81816 
.82676 
.83519 
.84346 
.85158 

i'-8S955 
.8^37 
.87506 

.88261 
.89004 

1-89734 
.90452 
.91158 

•91853 
•92537 

r.93210 

•93873 
.94526 

.95170 
•95804 

T.96428 
.97044 
.97652 

*9!25i 
.98842 

i'-99425 

OwOOOOO 

.00568 

.01128 
x>i68i 



7.66449 
.67669 
.68856 
.70011 
.71136 

7.72233 

•73303 
•74347 

>302 



•7I 

•70 



777336 

.78289 

.79221 

.80133 

.81027 
7.81902 

.82761 
.83602 
.84428 

.85238 

7.86034 

.86815 
^7582 

.88336 
.89077 

7.89806 

.90523 

.91328 
.91922 
.92604 

7.93277 

•93939 
•94591 

IP 

7.96490 
.97106 
.97712 
.98310 
.98900 

7.99483 

0.00057 

.00624 

.01184 

.01736 



166573 
.67790 

.68973 
.70125 

.71247 

7.72341 
•73408 
.74450 

•75467 
.70461 



* -71432 

.78383 

.79313 
.80223 

.81115 



7.81 




.82846 
.83686 



.84510 
.85319 

f.86113 
.86892 
.87658 
.88411 
.89151 

1.89878 

.90594 
.91298 
.91990 
.92672 

"■•93343 
.94004 
•94656 

•95297 
.95929 

796552 
.97167 
•97772 
.98370 
•98959 

799540 

0.001 14 

.00680 

.01 239 

.01791 



7.66696 

.67909 
.69090 
.70230 
.71358 

7.72449 
•73514 
•74553 
.75567 
•76559 

7.77528 

.78477 
■79405 
A)3i3 
.81203 

7.82075 
.82910 

•83769 
.84591 
•85399 

7.86 1 91 
.86969 

•^7734 
.88486 

.89224 

.9*367 

.92059 
.92740 

7.93410 

.94070 
.94720 

•95361 
•95992 

7.96614 
.97228 

.97832 
.98429 

.99018 

799598 

0.0017 1 

'00737 

.01295 
.01840 



1.66819 
.68029 

.69206 

•70352 
.71468 

^•72557 
.73619 

.74655 
.75668 

.76657 

7.77624 
.78570 

•79496 
.86403 
.81291 

7.82162 

§3015 
.83852 

.84673 
.85479 

7.86270 
.87047 
.87810 
.88560 
.89297 

7.90022 

•90735 
.91437 
.92128 

.92807 

7.93476 

.94135 
•94785 
.95424 
.96055 

7.96676 
.97288 
.97802 
•984S8 
.99076 

7.99656 
0.00228 

.00793 
.01350 

.01901 



7.66941 
.68148 
.69322 

.70465 
.71578 



1.72664 

.73723 

.74755 
.75768 

.76755 



1.77720 
.78664 
•79588 

.80493 
.81379 

7.82248 

.83099 
.83935 
.84754 
.85558 

7.86348 
.87123 
.87885 

.88634 
.89370 

7.90094 
.90806 
.91507 
.92196 
.92875 

1-93543 
.94201 

.94840 

.95488 

.90117 

7.96738 
•97349 
9795' 
.98547 
.99134 

*".997I3 
0.00285 

.00849 

.01406 

.01955 



7.67064 
^8267 

.69437 

■m 

7.72771 
.73828 
.74860 

.75867 
52 



.75» 

.768 



1.77815 

.78757 

•Z9679 
.80582 

.81467 

7.82334 
.83184 

.84017 

.848; 
.856 



^^^ 



7.86426 

.87200 

.87961 
.88708 

.89443 

7.90166 

.90877 
.91576 

.92264 

.92942 

*^.93609 
.94266 

949" 3 

•95S5» 

.96180 

"'•96799 
.97410 

.98012 

.98606 

.99'93 

""•9977" 
0.00342 

.00905 

.01461 

.02010 



1.67185 
.68385 

.69553 
.70690 

.71798 

7.72878 

•73932 
.74961 

-75967 
•76949 

7.77910 
.78850 

.79770 
.80672 
.81554 

7.82419 
.83268 
.84100 
.84916 

.85717 

7.86504 
.87277 
.88036 
.88782 
.89516 

7.90238 

.90947 
.91645 

•92333 
•93009 

"•93675 
.94331 
.94978 
.95614 
.96242 

7.96861 

•9747" 
.98072 

.98665 

.99251 

7.99828 

0.00398 

.00961 

.01516 

.02064 



1.67307 
.68503 
.69668 
.70802 
.71907 

7.7298 
.7403* 

.70000 
.77046 

7.78005 

.78943 
.79861 

.80761 

.81642 

7.82505 

•$3352 
.84182 

.84997 
.85797 

7.86582 

.87353 
.88111 

.88856 
.89589 

7.90309 
.91017 
.91715 
.92401 
.93076 

"^9374" 
•94396 
•95042 
•95677 
.96304 

7.96922 

.9753" 
.98132 

.98724 
•99309 

7.99886 

0.00455 

.01017 

.01571 

.02119 



1.67428 
.68621 

.69783 
.70914 

.72016 

"^.7309" 
.74140 

.75164 

.76165 

.77143 

7.78100 
.79036 

•^9952 
.80850 

.81729 

7.82590 

.83435 
.84264 

.85076 

.85876 

7.86660 
.87430 
.88186 
.88930 
.89661 

7.90380 
.91088 
.91784 
.92469 

•93"43 

7.93807 
.94461 
.95106 

.9574" 
.96366 

"•96983 
•97592 
.98191 

.98783 
.99367 

799942 

0.0051 1 

.01072 

.01626 

.02173 
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Table 166. 
VOLUME OP CA8E8. 



▼tlSM of 1 + . 00867 f. 

The quantity i + .00367 1 gives for a gat the ▼dmiie at fi irfien the preamre is kept 
constant, or the pressiire at fi when the Toltime is kept constant, in terms of the 
Yolume or the pressure at 0°. 

(ft) This part of the table gives the values of 1 + .00367/ for valoea ol / b et i>t ca o^ 
and 10^ C. by tenths of a degree. 

(b) This part gives the values of i -f- .00367 / for values of / between —90P and -f >99o^ 
C. by 10° steps. 

These two parts serve to give any intermediate value to one tenth of a degree by a am- 
ple computation as follows : — In the ifi) table find the number corresponding to 
the nearest lower temperature* and to this number add the decimal part of the 
number in the (a) table which corresponds to the difference between the nearest 
temperature in the {b) table and the actual temperature. For ezampk, let the 
temperature be 683°. a : 

We have for 680 in table {b) the number . • • • 3.49560 

And for z.% in table (a) the decimal .00807 

Hence the number for 682.a is 3*50367 

(0) This part gives the logarithms of i + .00367/ for valoes of / between —49^ and 

-f 399° C by degrees, 
(d) This part gives the logarithms of i + .00367/ for valuM of / between 400^ and 1990^ 

C by lo*' steps. 

(ft) VftlftM Of l+.00367t for TftliiM of t MtwNB 0<> na UK* a kf Tiotks 

OCft DftfXMb 



1 

< 


0.0 


0.1 


o.a 


0.6 


0.4 




I 

2 

3 
4 

5 

6 

I 

9 


1.00000 
.00367 

•00734 
.01101 

.01468 

1.01835 
.02202 
.02569 
.02936 

•03303 


1.00037 
.00404 
.00771 
.01138 
.01505 

1. 0187 2 
.02239 
.02606 

•02973 
•03340 


1.00073 
.00440 

x)o8o7 
.01174 
.01541 

1.01908 
.02275 
.02642 
.03009 
•03376 


I/X>IIO 

• 00477 
•00844 

.01211 
.01578 

I.0I94S 

X>2^12 
.02679 
.03046 

•03413 


I.OOI47 

X)i248 
.01615 

ix>i982 

•02349 
x>27i6 

•03083 
•03450 


t 


0.6 


0.6 


0.7 


0.8 


0.0 




I 

2 

3 
4 

5 
6 

I 

9 


1. 001 84 

.00550 
.00918 
.01284 
.01652 

1. 0201 8 

x>2386 
.02752 
.03120 
.03486 


1.00220 
.00587 

•00954 
.01321 

.0x688 

1.02055 
.02422 
.02789 
.03156 

•03523 


1.00257 
.00624 

•00991 
.01358 
.01725 

1.02092 
.02459 

X>2826 

•03193 

x)3S6o 


1.00294 
.00661 
.01028 

•01395 
.01762 

I.02129 

^z 
.03290 

•03597 


1.00330 

•00097 
.01004 

•oi43» 
•01798 

1.02165 
.02C32 
.02899 
.03266 
•03633 
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(b) VateMol l+.ooae7e toTUvMol < Mwmb-90<' ad + 1990° 0.1ly 

100 



( 


00 


10 


ao 


80 


40 


—000 

4000 

100 

200 

300 
400 

500 

600 

900 
1000 

IIOO 

1200 
1300 
1400 

1500 

1600 
1700 
1800 
1900 

2000 


1.00000 
1.00000 

1.36700 
1.73400 

2.10100 

246800 

2.83500 
3.20200 

3.56900 
3.93600 
4-30300 

4.67000 

5.03700 

5.40400 

5.77100 
6.13800 

6.C0500 
6J7200 

7.23900 

7.60600 

7.97300 

8.34000 


0.96330 

1.03670 
140370 

• 1.77070 
2.13770 
2.50470 

2.87170 
3.23870 
3.60570 
3.97270 
4-33970 

4.70670 

5.07370 
5.44070 
5.80770 
6.17470 

-6.54170 

6.90870 

7.27570 

7.64270 
8.00970 

8.37670 


a9266o 

1.07340 
1.44040 
1.80740 
2.17440 
2.54140 

2.90840 

3.27540 
3.64240 
4.00940 
4.37640 

4.74340 
5.11040 

5.47740 
5.84440 
6.21140 

6.57840 

6.94540 
7.31240 
7.67940 
8.04640 

8.41340 


0.88990 
I.IIOIO 

1.^7710 
lii44io 
2.21 1 10 
2.57810 

2.94510 
3.31210 
3.67910 
4.04610 
4-41310 

4.78010 
5.14710 
5-51410 
5.88110 
6.24810 

6.61510 
6.98210 
7.34910 
7.71610 
8.08310 

8.45010 


0.85320 

1. 14680 
1.51380 
1.88080 
2.24780 
2.61480 

2.98180 
3.34880 

3-71580 
4.08280 

4.44980 

4.81680 
5.18380 
5.55080 

6.28480 

6.65180 
7.01880 

7.38580 
7.75280 
8.11980 

8.48680 


t 


00 


60 


70 


ao 


80 


—000 
+000 

100 

200 

300 
400 

500 

600 

900 
1000 

IIOO 

1200 
1300 
1400 

1500 

1600 
1700 
1800 
1900 

2000 


0.81650 
1.18350 

1.55050 
1.91750 

2.28450 
2.65150 

3-01850 

3.38550 
3.75250 
4.II950 

4.48650 

4.85350 

5.22050 

5.58750 
5.95450 

6.32150 

6.68850 

7.05550 

7-42250 
7.78950 

8.15650 

8.52350 


0.77980 

1.22020 
1.58720 
1.95420 
2.32120 
2.68820 

3.05520 
3.42220 
3.78920 
4.15620 
4.52320 

4.89020 
5-25720 
5.62420 
5.99120 
6.35820 

6.72520 
7.09220 
745920 
7.82620 
8.19320 

8.56020 


a743io 

1.25690 
1.62390 
1.99090 

2.35790 
2.72490 

3.09190 

3.45890 
3.82590 
4.19290 

4.55990 

4.92690 

5-29390 
5.66090 
6.02790 

6.39490 

6.76190 
7.12890 

7.49590 
7.86290 
8.22990 

8.59690 


a7o640 

1.29360 
1.66060 
2.02760 
2.39460 
2.76160 

3.12860 

4.22960 
4.59660 

4-96360 

5.33060 

6.06460 
6.43160 

6.79860 
7.16560 
7.53260 
7^)9960 
8.26660 

8.63360 


a66970 

1.33030 
1.69730 
2^)6430 
2.43130 
2.79830 

3.16530 
3.53230 
3-89930 
4.26630 

4-63330 

5-00030 
536730 

5.73430 
6.10130 
6.46830 

6.83530 
7.20230 

7.56930 
7.93630 
8.30330 

8.67030 
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TaWLB 1 6e ifimUmmdy 



VOLUME 



(•) 



tfl4-.00M7eteVUi 



— 40 

— 30 

— 20 

— 10 

— O 

+ 

10 
20 

30 
40 

50 

6o 

70 
8o 

90 
100 

110 
120 

130 
140 

150 

160 
170 
180 
190 

200 

210 
220 
230 
240 

250 

260 

270 
280 
290 

300 

310 
320 

330 
340 

350 

360 
370 
380 

390 



1931051 

•949341 
.966S92 

.983762 

0.000000 

0.000000 
.015653 
.030762 
.045362 
.059488 

0.073168 
.086431 
.099701 
.fiiSoo 
.123950 

a I 35768 
.147274 

.158483 
.169410 
.18006S 

0.190472 
.200632 
.210559 
.220265 
.229759 

0.239049 
.248145 

.2570U 
.265784 

•274343 

0.282775 
.290909 
.299049 
.306982 

.314773 

0.322426 
.329947 

.337339 
.344608 

.351758 

0.358791 
•3657 1 3 
.372525 
.379233 
•385439 



1. 929179 

•947546 
.965169 
.982104 
.998403 



0.001 5< 
.01 



.03224A 
.046796 
.060875 

0.074513 

.087735 
.100567 

.113030 
.135146 

0.136933 
.248408 

•'59588 
.170488 

.181120 

0.191498 
.201635 
.211540 
.221224 
.230697 

0.239967 
.249044 

!266648 
.275189 

a283566 
.291784 
.299840 
.307768 

•315544 

0.323184 
.330692 
.338072 

•345329 
.352466 

0.359488 

.366399 
.373201 

.379898 
.386494 



1.927299 

945744 
963438 
980440 
996801 

0.003176 
.018717 
.037721 
.048224 
.062259 

0.075853 
089036 

101829 

"4257 
126339 

138094 

149539 
160691 

171 563 
182169 

ai92523 
.2026315 
.212518 
.222180 
.231633 

0.240884 
.249942 
.258814 
.267510 
.276034 




0.323941 

•331435 
.338807 

.346048 
•353U4 

0.360184 
.367084 

•37387s 
.380562 

.387148 



1. 92 54 TO 

•943934 
.961701 

.978769 

.995192 

0.004755 
.020241 

.035193 
X)49648 
•063637 

0.077190 
.090372 
.103088 
.115481 
.127529 

0.139252 
.150607 
.161790 
.172635 
.183216 



0.19354s 
.203634 

.213494 

•223135 
.232567 

0.241798 
.250837 
•259692 
.268770 
.276877 

0.285222 

•293409 
.301445 

.309334 
.317083 

0.324696 

•332178 

•339533 
.346766 

.353880 




.374549 
.381225 

.387801 



i923S«3 
.942117 

•9599S7 
.977092 

•993S77 

oxx)63a9 
.021760 
.036661 
.051068 
.065012 

ao78522 
.091024 

.104344 
.116701 

.128716 
0.140408 

!i62887 

.173705 
.184260 

0.194564 
.204630 

.214468 

.224087 

•233499 

a2427io 

•251731 
.260567 

.269228 
•277719 

a286o48 
.294219 
.302240 
.310115 
.3»78so 

0.325450 

•332919 
.340262 

.347482 
•354585 

0.361573 
.368451 

.375221 

.381887 

•388453 



per d^rec 



1805 

1605 

1588 

1526 

1474 
1426 

1381 

1335 

1299 

1259 
1226 
1 191 

1 158 

II29 
IIOI 

I07J 
1048 
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-«tp aii +atto 0. »r 



—40 

— 30 

— 20 

— 10 
— o 

+ 

10 
20 

30 
40 

50 

60 

100 

no 
120 
130 
140 

150 

160 

'^ 

190 

aoo 

210 
220 
230 
240 



260 



ago 



310 

320 

S3P 
340 



360 

380 
390 



I.92I608 
.940292 

.958205 
.975409 

•991957 

0007897 
.02^273 

•038123 
^52482 

/)66382 

0079847 
.092914 

.105595 

.117017 

.129899 

0141559 

.152915 
.163981 

•174772 
.185301 

0-195581 
.205624 

•2»5439 
.225038 

.234429 

0243621 
.2J2623 
.201441 
.270085 
.278559 

0286872 
.295028 
•30^ 

.318610 




0362266 

•369132 
•375892 
.382548 

.389104 



1.910695 
.938460 

.956447 
•973719 
•990330 

0009459 
.024781 

.039581 

•053893 
•007748 

0081 174 

.094198 
.106843 

.119130 
.131079 

0142708 

•154034 
.164072 

.175836 
.186340 

0196596 
.206615 
.216409 
.225986 

•235357 

0.244529 
.253512 
.202313 
.270940 
•279398 

0287694 

•295835 
•303827 
•3"673 

.319381 

0326954 

•334397 

•341715 
.348912 

•355991 

0362057 

•369813 
.376562 

.383208 
•389754 



^9»7773 
.936619 

.954681 

.972022 

•988697 

0011016 
J0262&4 
.041034 

•055298 
.069109 

0082405 
.095486 
.108088 
.120340 
.132256 

0.143854 

.166161 
.176898 

•187377 

0.197608 
.207605 
.217376 
.2269J2 
.236283 

0.245436 

.254400 
.203184 
.271793 
.280234 

0.288515 
.296640 
.304618 
.3*2450 
.320144 

0327704 

•335 '35 
.342441 

•349624 

•356693 

0.363648 

.370493 
•377232 

.383868 
•390403 



I •915843 

•934771 

•952909 
.970310 

.987058 

0^)12567 
.027782 
.042481 
.056699 
.070466 

0.08181 1 

•096765 
.109329 

•121547 
•133430 

0144997 
.156264 
.167246 

•'EZ958 
.188411 

0.1 98619 
.208592 
.2 1 8 '341 
.227876 
.237207 

0.246341 
.255287 
.264052 

2644 
070 



.272 
.281 



0.289326 
.297445 

•305407 
.313226 

.320906 

0.328453 
•335871 
•343164 

•350337 
•357394 

0.364337 

.371171 
.377900 

•384525 
.391052 



1. 91 3904 

•932915 
.951129 




•985413 



0014113 
.029274 

•043924 
.058096 

.071819 

0.085123 
.098031 
.110506 
.122750 
.134601 

0.146137 

•157375 
.168330 

.179014 
•189443 

0.199626 
.209577 
.219304 
.228819 
.238129 

0.247244 
.256172 
.204919 

.273494 
.281903 

0290153 
.298248 
.306196 
.314000 
.321667 

0.329201 
.336606 
•343887 
.351048 

•358093 

0365025 

•371849 

.378567 

•385183 
.391699 



Meandiff. 
per degree. 



zga6 

1845 
1771 

1636 

'554 

1500 

1450 
1402 

1359 

13x5 

1 281 

1243 
1210 

1175 

"44 

1087 
1060 

1035 

ZOIZ 

988 
966 

946 
925 

906 

887 
870 

83 

820 

805 
790 
776 
763 

750 

737 

724 

713 
701 

690 

678 
668 
658 
648 
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TABLK 156 {cMUimmdU 
VOLUME OF QA8E8. 



(d) Logaritkai ol l + .00S67t lor VtliM tf t Mwtn 400<> aad IMO^ a It 10^ 



t 


00 


10 


SO 


60 


40 


400 

500 

6oo 
700 
800 
900 

1000 

IIOO 

1200 
1300 
1400 

1500 

1600 
1700 
1800 
1900 


0^392345 

0^452553 
.505421 

•552547 
•595055 
•633771 

0.669317 

.702172 

.732715 

.761251 

.788027 

0.813247 

.837083 

.»5? 
.901622 


0.398756 

0.458139 
.5J037I 
.556990 
.599086 

.637460 

a6727i7 

.705325 

.735055 
.764004 

.790616 

0.81 5691 

.839396 
.861875 

.883247 
.903616 


0.405073 
0.463654 

•5iS264 
.561388 

.603079 

.641117 

a676o90 

•708455 

.738575 
.766740 

.793^90 

0.81 81 20 
.841697 
.864060 
.885327 
.905602 


0.41 1300 

0.469100 
.520103 

.565742 
.607037 

.644744 

0.679437 
•7" 563 
.741475 
.769459 
.795748 

0.8205^ 

.887398 
.907578 


0.417439 

0.474479 
.524889 
.570052 
.610958 
.648341 

a68275o 
.714648 

.744356 
.772160 

.798292 

0.822939 
.846263 
.868398 
.889459 
•909545 


1 


60 


60 


70 


60 


60 


400 

500 

600 

900 
1000 

IIOO 

1200 
1300 
1400 

1500 

1600 
1700 
1800 
1900 


« 
0.423492 

0.479791 
.529623 

.574321 
.614845 
.651908 

0.686055 
.717712 
.747218 

.774845 
.800820 

0.825329 
.848528 
•870550 
.891510 
.911504 


0.429462 

0.485040 
.534305 

m 

.655446 

0.689327 

.720755 
.750061 

.777514 
.803334 

a827705 
.850781 
.872692 

.893551 
.913454 


0435351 

a4902Z5 
.538938 

.582734 
.622515 

.658955 
0.692574 

Vi^ 

.780166 
A)5834 

0.830069 

.853023 
.874824 

.895583 
.9^5395 


0.441 161 
0.495350 

.626299 
.662437 

0.695797 
.726776 

•755692 
.782802 

.808319 

0.832420 

.855253 
.876945 
.897605 
.917327 


0.446894 

0.500415 
.5480 si 

•590987 
.630051 

.665890 

0.698996 
.720756 
•758480 
.785422 
.810790 

0.834758 
.857471 
.879056 
.899618 
.919251 
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DETERMINATION OF HEIGHTS BY THE BAROMETER. 



Fonnolaof Babinet: Z = C ^"^^^ 



C (in feet) = 53494 fi -f ^ "^ ^ ~ ^^ 1 EDgliah measures. 

C (in meters) = 16000 fi 4- li^iLjLi} | metric measures. 

L 1000 J 

In whidi Z = difiEerence of height of two stations in feet or meters. 

B := barometric readings at the lower and upper stations respectively, corrected for aU 

sources of instrumental error. 

i^ / = air temperatures at the lower and upper stations respectively. 



ValvM of C. 



English Measures. 


Metric Measures. 


4tti+0. 


c 


LogC 


Hio+Z). 


C 


LogC 


Fahr. 


FeeL 




Cent 


Meters. 




10^ 

15 

20 

25 


49928 
5051 1 

51094 
5*677 


4.69834 
•70339 

4-70837 
•71330 


— IQo 

—8 
—6 

—4 
— 2 


'5360 
15488 

1 5616 

*5744 
15872 


4.18639 
.19000 

•*9357 
.19712 

.20063 


30 

35 

40 

45 


52261 
52844 

53428 
5401 1 


4.71818 
.72300 

4-72777 
.73248 




+ 2 

X 

8 


16000 
161 28 
16256 
16384 
16512 


4.2041 2 
.20758 
.21101 
.21442 
.21780 


50 

55 

GO 

65 


54595 
55*78 

55761 
56344 


4-737*5 
.74177 

4-74633 
.75085 


10 

12 

14 
16 
18 


16640 
16768 
16896 
17024 
17152 


4.221 1 c 

.2244^ 

.22778 
.23106 

•2343* 


70 

75 

85 


56927 
575" 

58094 
58677 


4.75532 
•75975 

4-76413 
.76847 


20 

22 

24 
26 

28 


17280 
17408 

17536 
17664 
17792 


4-23754 
.24075 

•24393 
.24709 

.25022 


90 

95 

100 


59260 
59844 

60427 


4-77276 
.77702 

4.78123 


30 

32 

36 


17920 
18048 
18176 
18304 


4-25334 

•25643 
.25950 

.26255 



Values only approximate. Not good for great altitudes. A more accurate formula with 
conopoD^ng tames may be found in Smithsonian Meteorological Tables, 3 revised ed. 1906. 

^■rrMMNiAii Tables. 
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Tamx 168; 



BAROME' 



BsuroiDCtiic prctsarGS OMTospondtiif to 1 
This table it oMfol when a boUingijxiint appantnt 1 









(a) Ooamn HMmxt.* 










Temp. F. 


.0 


a 


.a 


.a 


A 


S 


.• 


.7 


M 


J 


185 

186 


17.06 
17-42 


17.09 
17.47 


17-13 
17.51 


17.17 
17.54 


17.20 
17.58 


17.24 
17.62 


17.28 
17.66 


1732 
17.70 


1735 
1774 


17.39 
17.77 


187 

188 


17.81 
18.20 


17.85 
18.24 


18.28 


17.93 
18.32 


"Z-97 
18.36 


1 
18.01 
1840 


i8x>5 
1844 


18.08 
18.48 


18.12 
18.52 


18.16 
18.56 


189 

190 


18.60 
19.00 


18.64 
19.04 


x8.68 
19.08 


18.72 
19.12 


18.76 
19.16 


18.80 
19.21 


18.84 
19.25 


18.88 
19.29 


18.92 
19-33 


18.96 
19.37 


191 

192 


19.41 
19.83 


19.45 
19.87 


19.49 
19.91 


19.54 
19.96 


19.58 
20.00 


19.62 
2ao4 


19.66 
20.08 


19.70 
2ai3 


19.75 
20.17 


19^79 
20.21 


193 

194 


20.26 
2a68 


20.30 
20.73 


2a34 
20.78 


20.; 8 
20.82 


2a86 


2047 
20.91 


2a5i 
20.95 


2as6 
20.99 


20.60 
21.04 


2a6A 
21J08 


195 

196 


21.13 
21.58 


21.17 
21.62 


21.22 
21.67 


21.26 
21.71 


21.31 
21.76 


21.35 
21&) 


3140 
21.85 


21.44 
21.90 


21.48 
21.94 


21.53 
21.99 


197 

198 


22.03 
22.50 


22.08 
22.55 


22.13 
22.59 


22.17 
22.64 


22.22 
22.69 


22.27 
W.73 


22.31 
22.78 


22.36 
22.83 


22.41 
22.88 


2245 
22.92 


199 

200 


22.97 
2345 


23.02 
23.50 


23-07 
23.55 


23.12 
23.60 


23.16 
23.65 


23.21 
23.70 


23.26 
23.7s 


23-3' 
23-79 


23.36 
23.84 


2340 
23-89 


201 

202 


2394 
24.44 


2399 
24.49 


24.04 
24.54 


24.09 
24.59 


24.14 
24.64 


24.19 
24.69 


24.24 
24.74 


24.29 
24.79 


24.34 
24.85 


24.39 
24.90 


203 

204 


24.95 
25.46 


25.00 
25.52 


25.05 
25.57 


25.10 
25.62 


25.15 
25.67 


25.20 
25.72 


25.26 
25.78 


25.31 
25-83 


??-^ 


2541 
25.94 


205 

206 


25.99 
26.52 


26.04 
26.58 


26.09 
26.63 


26.15 
26.68 


26.20 
26.74 


26.25 
26.79 


26.31 
26.85 


26.36 
26.90 


26.41 
26.96 


2647 
27JOI 


207 

208 


27.06 
27.62 


27.12 
27.67 


27.17 
27.73 


27.23 
27.78 


27.28 
27.84 


27.34 
27.90 


27.39 
27 95 


2745 

28X)I 


27.51 
28.07 


27.56 
28.12 


209 

210 


28.18 
28.75 


28.24 
28.81 


28.29 
28.87 


28.35 
28.92 


28.41 
28.98 


28.46 
29.04 


28.52 
29.10 


28.58 
29.16 


28.63 
29.21 


28.69 
29^ 


211 

212 


2933 
29.92 


29.39 
29.98 


2945 
30^)4 


29,51 
3^10 


29.57 
30.16 


29.63 
30.22 


29.68 
3a28 


29.74 
30.34 


29.80 
30.40 


2gM 
3046 



* PKamraa fai indiea of merouy 

The values at the lower temperatures are perhaps i% too low. TaUa (b) it based on man 

Smithsonian Tablcs. 
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of the boiIiiig>poiot of water. 
of ibe barometer for tbe deteminatioD of heights. 



(b) Kttrto Mtisuf.* 



Tcnip.oC. 


.0 


.1 


^ 


.8 


.4 


.6 


.6 


.7 


.8 


.9 


SO" 


3555 


356.9 


3584 


359.8 


361.3 


362.7 


364.2 


365.7 


367.1 


368.6 


81 


370.1 


371.6 


373.1 


374.6 


376.1 


377-6 


379-1 


38a6 


382.2 


383.7 


82 


385-2 


38618 


^3 


389.9 


3914 


393-0 


394-6 


396.2 


397.7 


399.3 


83 


4oa9 


402.5 


404.1 


405.7 


407.3 


408.9 


410.5 


412.2 


413.8 


4154 


8ft 


417.1 


418.7 


4204 


422.0 


423.7 


4254 


427.0 


428.7 


4304 


432.1 


«S 


433^ 


435-5 


437.2 


438.9 


44a6 


442.4 


444.1 


445.8 


447.6 


449.3 


86 


451.1 


452.8 


454.6 


456.4 


458.1 


459-9 


461.7 


463.5 


465.3 


467.1 


87 


468.9 


470.7 


472.5 


4744 


476.2 


478.0 


479.9 


481.7 


483.6 


4855 


88 


487.3 


489.2 


491.1 


493.0 


494.9 


496.8 


498.7 


500.6 


502.5 


504.4 


89 


5064 


508.3 


5ia2 


512.2 


514.1 


516.1 


518.1 


520.0 


522.0 


524.0 


90 


526.0 


528.0 


530.0 


532.0 


534.0 


536.0 


538.1 


540.1 


542.2 


544.2 


91 


546.3 


548.3 


5504 


552.5 


554.6 


556.6 


558.7 


560.8 


563.0 


565.1 


98 


567.2 


5^3 


57M 


573.6 


575.7 


577.9' 


580.1 


582.2 


584.4 


586.6 


93 


588.8 


591.0 


593-2 


5954 


597-6 


599.8 


602.0 


604.3 


606.5 


608.8 


9ft 


61 1.0 


613.3 


615.6 


617.8 


62a I 


622.4 


624.7 


627.0 


629.4 


631.7 


9S 


634^ 


636.3 


638.7 


641.0 


6434 


645.8 


648.1 


650.5 


652.9 


655-3 


96 


6577 


660.1 

• 


662.5 


664.9 


667.4 


669.8 


672.2 


674.7 


677.2 


679.6 


97 


682.1 


684.6 


687.1 


689.6 


692.1 


694.6 


697.1 


6gq.6 


702.2 


704.7 


96 


707.3 


709^ 


7124 


715.0 


717.6 


720.2 


722.8 


7254 


728.0 


730.6 


99 


733-a 


735-9 


738.5 


741.2 


743-8 


746.5 


749.2 


751-9 


754.6 


757.3 


am 


760.0 


762.7 


7654 


768.2 


770.9 


773-7 


776.4 


779.2 


782.0 


784.8 



♦Pwure in millimetere of mercury. 
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Tables 160-162. 
STANDARD WAVE-LENGTHS. 
TABLB 159. — Ataol»ttWaT»-liaftk«alBtdOtflaluiLlMliiAir, 700 



UB9 Ok 



6438.4722 Michelson, Travaux et M^m. du Bur. intern, des Poids et Mesures, 11, i^o^ 
6438.4700 Michelson, corrected by Benoit, Fabry, Perot, C. R. 144, 1082, 1907. 
6438.4696 (accepted primary standard) Benoit, Fabiy, Perot, C. K. 144, 1082, i< 

* Id Angstrbms. xo Angstrdms = i mi ^ lo-* mm. 



TABU 100.— IfttttBAllMuaSMOidizyStiadaiti. bn An Uaas 1b , 

Adopted as secondary standards at the International Union for Cooperation in Solar 
(transactions, 1910). Means of measures of Fabry-Buisson (i), Pfund (2), and Eversheipi (3). 1 
ferred to primary standard == Cd. line, \ = 6438.4696 Angstroms (serving to define an AngstrSl 
760 mm., 15° C. Iron rods, 7 mm. diam. length of arc, 6 mm.; 6 amp. for A. greater tban ^ 
Angstroms, 4 amp. for lesser wave-leneths ; continuous current, -{- pole above the — , 220 voll 
source of light, 2 mm. at arc*s center. Lines adopted in 19 10. 



Wave-length. 


Wave-length. 


Wave-length. 


Wave-length. 


Wave-length. 


Wave-length. 


Wa^e-les«tli 


4282.408 
4315.089 

4375-934 

4427-314 
4466.556 
4494.572 

453I-I55 


4547.853 
4592.658 
4602.947 

4647-439 
4691.417 
4707.288 

4736.786 


4789657 
4878.225 

4903325 
4919.007 

5001.881 

5012.073 

5049.827 


5083.344 
51 10.41 5 
5167.492 
5192363 

5371.495 


5405.780 

5434.527 
5455.614 
5497.522 

5506.784 

5569.633 
5586.772 


5615.661 
5658.836 

5703-013 
6027.059 
6065.492 
6137.701 
6191.568 


6230.734 

6265. 14 q 

6335-341 
6393.612 

6430-S59 
6494-993 : 



TABLB 161. — Intiraattaaal Seoondaiy Sttiiflihli. Im An LIbss In kngitiiimi. 
Adopted in 191 3. (4) Means of measures of Fabry-Buisson, Pfund, Bums and Eversheim. 



Wave-length. 


Wave-length. 


Wave-length. 


Wave-length. 


Wave-length. 


Wave-length. 


WaFe-lcnsth. 


3370.789 
3399-337 
3485.345 

3556.881 


3606.682 
3640.392 

3676.313 
3677.629 

3724380 


3753.61S 
3805.346 

3843.261 

3850.820 

3865.527 


3906.482 

3907.937 
3935.818 

3977.746 
4021.872 


40761642 
4118.JC2 
4134.685 
4147.676 

4191.443 


4233-615 

5709.395 
6546.250 

6592.928 

6678.004 


6750.250 
5857.759 Ni 
5892il2Ni 



(i) Astrophysical Journal, 28, p. 169, 1908; (2) Ditto, 28, p. 197, 1908; (7) Annalen der Physik, JO 
p. 815, 1909. See also Eversheim, idiJ. 36, p. 107 1, 191 1 ; Buisson et Faory, idid. 38, p. 245, 191S1 
(4) Astrophysical Journal, 39, p. 93, 1914. 



TABLB 16a. -.Boms of tlia Stnuifftr LIbm of Bonid of tlis Blttaanti in AagitfOai. 



Barium . 


5535-7 


Helium . 


5875.8 


Magnesium 


5167.5 


Sodium . 


5890.2 


Csesium . 


4555-4 




5876.2 


9 9 


5'72.9 
5183.8 


• • 


5896-2 




4593.3 


Hydrogen 


4101.8 


m » 


Strontium 


4607.5 


Calcium . 


5589.0 


• • 


4340.7 
4861.5 


Mercury . 


5461.0 




5481.2 
6408.6 


Cadmium 


4799-9 


« 


Potassium . 


7668.5 


• • 


• • 

• • 


&l 


Lithium . 


6563.0 
6708.2 


, Rubidium . 


7701.9 
6298.7 


Thallium. 


5350-6 



Smithsonian Tables. 
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STANDARD SOLAR WAVE-LENQTHS. ROWLAND'S VALUES. 
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W^ve-lengths are in Angstrom units (io~' mm.), in air at 20^ C and 76 cm. of mercury pressure. 
.«4e intensities run from i, just clearly visible on the map, to 1000 for the H and K lines; below 
^rder of faintness to ocoo as the lines are more and more difficult to see. This table contains 
nW the lines above 5. 

... i 'indicates a line not clearly defined, probably an undissolved multiple line ; 8, a fsuled appear^ 
1^ line; d, a double. In the "substance*' column, where two or more elements are given, the 

..• is compound ; the order in which they are given indicates the portion of the line due to each 
icinent ; when the solar line is too strong to be due wholly to the element given, it is represented, 
Pe, for example ; when commas separate the elements instead of a dash, the metallic lines coin- 
kle w^ith the same part of the solar line, Pe, Cr, for example. 

Capital letters next the wave-length numbers are the ordmary designations of the lines. A indi« 
atmospheric lines, (wv), due to water vapor, (O), due to Oxygen. 



Wave- 

leagth. 


Substance. 


Inten- 
sity. 


Wave-length. 


Substance. 


Inten- 
sity. 


Wave- 
length. 


Sub- 
stance. 


Inten- 
sity. 


3P37.5«<» 


Fe 


10 N 


3372.947 


Ti-Pd 


lOd? 


3533-345 


Fe 


6 


3047-72SS 


Fe 


20 N 


3380.722 


Ni 


6N 


3536.709 


Fe 


7 


3053-530S 


- 


7d> 


3414.91 1 


Ni 


15 


3541.237 


Fe 


7 


3054.429 


Mn, Ni 


10 


3423.848 


Ni 


A 


3542.232 


Fe 


6 


3P57S52S 


Ti,Fe 


20 


3433-715 , 


Ni, Cr 


8d? 


3555-079 
3558.672s 

3565- 535s 


Fe 


t 


3059.212s 
3P67.369S 


Fe 


20 


3440.762s ) Q 

3441.155s J 
3442.118 


Fe 


20 


Fe 


Fe 


8 


Fe 


15 


Fe 


20 


307; .091 
3078.769s 


Ti,- 


6Nd.> 


Mn 


6 


3566.522 


Ni 


10 


Ti.- 


8d? 


3444.020s 


Fe 


8N 


3570.273s 


Fe 


20 


3088.145* 


Ti 


7d? 


3446.406 


Ni 


}S 


3572.014 


Ni 


6 


3134.230S 


Ni, Fe 


8 


3449583 


Co 


6d? 


3572.712 


Se,- 


6 


3188.656 


- Fe 


6d? 


3453039 
3458.601 


Ni 


6d? 


3578.832 


Cr 


10 


3*36.>ojs 


Ti 


7^ 


Ni 


8 


3581.3498 
3584.800 


Fe 


30 


3239-170 


Ti 


I 


3461.801 


Ni 


8 


Fe 


6 


3242.125 


Ti,- 


3462.950 


Co 


6 


3585.105 


Fe 


6 


32431^ 
3247.688s 


-.Ni 


6 


3466.015s 


Fe 


6 


3585479 


Fe 


7 


Cu 


10 


3475.594s 
3476.849s 


Fe 


10 


3585-859 


Fe 


6 


32J6.021 
3267^34* 


Fe? 


6 


Fe 


8 


3587.130 


Fe 


8 


V 


6 


3483.923 


Ni 


6d? 


3587.370 


Co 


7 


3271.129 


Fe 


6 


3485.493 


FeCo 


6 


3588.084 


Ni 


6 


3271.791 


Ti, Fe 


6d? 


3490.733s 


Fe 


10 N 


3593-6^6 
3594.784 


Cr 


9 


3274.096s 


Cu 


10 


3493- "4 


Ni 


10 N 


Fe 


6 


3277482 


Co-Fe 


7d? 


3497.982s 


Fe 


8 


3597.854 

3605.4798 

3606.838s 


Ni 


8 


3286.898 


Fe 


7N 


3500.996s 


Ni 


6d? 


Cr 


7 


3295.95 IS 


Fe,Mn 


6 


3510.466 


Ni 


8 


Fe 


6 


3302.CIOS 

3315.807 

3318.16CS 


Na 


6 


3512.785 


Co 


6 


3609.008s 


Fe 


20 


Ni 


7d? 


35I3-965S 
3515.206 


Fe 


7 


3612.882 


Ni 


6d? 


Ti 


6 


Ni 


12 


3617.934s 


Fe 


6 


3320.; 91 
3336.820 

1 3349-597 
3361.327 


Ni 


7 


35*9904 


N 


7 


3618.919s 


Fe 


20 


5f.« 


8N 


3521.410s 


Fe 


8 


3619-539 


Ni 


. 8 


Ti 


7 


3524.677 


Ni 


20 


3621.612s 


Fe 


6 


Ti 


8 


3526.183 
3526.988 


Fe 


6 


3622.1478 


Fe 


6 


3365.908 
3366.311 


Ni 


6 


Col 


6 


3631.605s 


Fe 


•1 


Ti, Ni 


6d? 


3529964 
3533156 


Fe-Co 


6 


3640.535s 


Cr-Fe 


3369713 


Fe, Ni 

1 


6 


Fe 


6 


3642.820 


Ti 


7 



Corrections to reduce Rowland's wave-lengths to sUndards of Table 160 (the accepted standards, 1913). Temperature 
^ C, pressure 760 mm. 

' The dt£Ference8 " (Fabry-6uiason.arMron)— (Rowhnd-solar-iron)'' lines were plotted, a smooth carre dnwa, and 
^ foQowing values obtained : 

Wave-lengih 3000. 3100. 3300. 3300. 3400. 3500. 360a 3700. 
Correction — .106 — .115 — .114 — .137 — .148 — .154 — .155 — .140 

H. A. Rowland, " A preliminary table of solar-spectrum wave-lengths,*' Astrophysical Journal, 1-6, i895-'i897. 
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Table 1 63 iamtimud). 1 75 

STANDARD SOLAR WAVE-LENGTHS. ROWLAND'S VALUES. 



Wave-length. 


Sobttance. 


Inten- 
■ity. 


Wave-length. 


Sttbetanoe. 


Inten- 
sity. 


Wave-length. 


Sub- 
stance. 


Inten- 
sity. 


486i.527aF 


H 


30 


5948.765s 


Si 


6 


6563.O45SC 


H 


40 


4890.948s 
4891.683 


Fe 
Fe 


6 
8 


5985.040s 
600; .2- 98 
6008.785s 


Fe 
Fe 


6 

6 


6593. 161S 
6J67.457SB 


Fe 
A(0) 


6 

6d? 


4919.174s 


Fe 


6 


Fe 


6 


6868.336 \ 
686S.478 s 


A(0) 


6 


4920.685 


Fe 


10 


6013.715s 


Mn 


6 


A(0) 


6 


4957785s 
50jo.oo2;s 
5i67.497sb4 


Fe 


8 


6016.86IS 


Mn 


6 


6S69.I42S 


A(0) 


7 


Fe 


6 


6022.016s 


Mn 


6 


687a249 T 


A(0) 


6 


Mg 


'1 


6024. 28 IS 


Fe 


7 


A(0) 


;f- 


5171.7788 


Fe 


6065.7098 


Fe 


7 


A(0) 


5i72.856sbs 


Mg 


20 


6102.392s 


Fe 


6 


6871. 1808 


A(0) 


8 


5i83.79i»bi 


Mg 


30 


6102.937s 


Ca 


9 


6871.5328 
6872.4168 


A(0) 


10 


5233.122s 
5266.7388 


Fe 


7 


6108.334s 


Ni 


6 


A(0) 


II 


Fe 


6 


6122.4348 


Ca 


10 


6873.0808 


A(0) 


12 


5269.7 23SE 


Fe 


8(1? 


6136.8299 


Fe 


8 


6874.0378 


A(0) 


12 


5283.802s 


Fe 


6 


6137.9x5 
6141.938s 


Fe 


7 


6874.8999 


A(0) 


13 


5324.3739 
5328.236 


Fe 


L? 


Fe,Ba 


7 


6875.8308 
6876.9588 


A(C)) 


13 


Fe 


6155.350 

61 62.390s 


^ 


7 


A(0) 


13 


5340.121 


Fe 


6 


Ca 


'I 


6877.8^28 


A{0) 


12 


S34I-2I3 


Fe 


7 


6169.249s 


Ca 


6879.288s 


A(0) 


12 


5367.6698 


Fe 


6 


6169.778s 


Ca 


7 


6880.172s 


A(0) 


6 


537a i66s 


Fe 


6 


6170.730 


Fc-Ni 


6 


6884.0768 


A(0) 


10 


5383.5788 


Fe 


6 


6191.393s 


Ni 


6 


6886.0008 


A(0) 


II 


53973449 


Fe 


7d? 


6191.779s 


Fe 


9 


6886.9908 


A(0) 


12 


5405.9899 


Fe 


6 


6200.527s 
1 6213.844s 


Fe 


6 


6S89.192S 


A(0) 


13 


5424.290S 


Fe 


6 


Fe 


6 


6890.1 51s 


A(0) 


14 


5429.911 


Fe 


6d.> 


6219.4949 


Fe 


6 


6892.618s 


A(0) 


14 


5447.1309 


Fe 


6d? 


6230.943s 


V-Fe 


8 


6893.560s 


A(0) 


15 


55 28.641 8 


Mg 


8 


6246.5353 


Fe 


8 


6S96.289S 


A(0) 


14 


5569.848 


Fe 


6 


6252.773s 


-Fe 


7 


6897208s 


A(0) 


15 


5573-075 


Fe 


6 


6256.572s 


Ni-Fe 


6 


6900.199s 


A(0) 


14 


5586.991 


Fe 


7 


6301.718 


Fe 


7 


6901.117s 


A(0) 


15 


5588.9859 


Ca 


6 


6318.239 


Fe 


6 


6904.362s 


A(0) 


14 


&^ 


Fe 


6 


6335554 


Fe 


6 


6905.271s 
6908.783s 


A(0) 


14 


Na 


6 


6337 048 


Fe 


7 


A(0) 


13 


57II.3139 
5763.218s 


Mg 


6 


6358.898 


Fe 


6 


6909.6768 


A(0) 


13 


Fe 


6 


6393.820s 


Fe 


7 


6913.448s 


A(0) 


II 


5857.674s 
5862.5828 


Ca 


8 


6400.217s 


Fe 


8 


6914.3379 


A(0) 


II 


Fe 


6 


6411.865s 


Fe 


7 


6918.370s 


A(0) 


9 


5890.*i86sl>s 


Na 


30 


6421. 570s 


Fe 


7 


6919.2508 


A(0) 


9 


5896.155 Di 

590 1. 6J 28 


Na 


20 


6439-2938 


Ca 


8 


69235539 


A(0) 


9 


A(wv) 


6 


6450-0339 


Ca 


6 


6924.427s 


A(0) 


si 


5914.43OS 
5919.86O8 


-,A(wv) 


6 


1 6494.004s 


Ca 


6 


7191-755 


A,- 


A(wv) 


7 


6495-213 
6546.4798 


Fe 


8 


7206692 


-.A 


6 


5930.406s 


Fe 


6 


Ti-Fe 


6 









Corrections to reduce Rowland's wave-lengths to standards of Table i6o (the accepted standsrdst 1913). Temperature 
if C pressure 760 nun. : 

Wave-length 4800. 4900. 9000, 5100. 5900. 5300. 5400. 550a 5600. 570a 5800b 
Conecdon — .179 —.176 — .173 —.170 —•166 —.17s — .aia — .ai7 — Ji8 — .ai3 — ,ao9 



Wave-length 5800. 5900. 6000. * 6100. 62001 6300. 6400. 6500. 
Correction — j»9 — .ao9 — .aJ3 — J14 — .a«3 — Jio — .ao9 — .aio. 

8HtTH80IIIAN TaBLM. 
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176 TABLE 164. 

TERTIARY STANDARD WAVE-LENGTHS. IRON ARC LINES. 

For arc conditions see Table 160, p. 172. For lines of group c class 5 for best results the 
ilit should be at right angles to the arc at its middle point and the current should be reversed 
several times during the exposure. 



Wave-lengths. 


CUss. 


Inten- 
sity. 


Wave-lengths. 


Class. 


Inten- 
sity. 


Wave-lengths. 


Class. 


Inteo. 1 
sity. 


•2781.840 
♦2806.985 




4 


4337.052 
4309-777 


l^ 


5 


5332-909 


a4 


2 




7 


?3 


I 


5341.032 


a4 


5 


•2831.559 




3 


4415.128 


bi 


5365404 


ai 


2 


•2858.341 




3 


4443.198 


b3 


3 


5405.780 


a 


6 


♦2901.382 




4 


4461.658 


a3 


4 


5434.528 


a 


6 


•2926.584 




5 


4489,746 


^3 


3 


5473-913 


a 


4 


•2986.460 




3 


4^28.620 
4619.297 


C4 


7 


5497-521 


a 


4 


•3000.453 




4 


C4 


4 


5501.471 


a 


4 


•3053070 




4 


4786.811 


C4 




5506.784 


a 


3 


•3100.838 




2 


4871.33* 
4890.769 


C5 


15535-419 
5563.612 


a 


2 


•3154.202 




4 


C5 


7 


b 


3 


*32i7-389 




4 


4924.773 


a 


3 


5975-352 
6027.059 


b 


2 


•3257.60; 
•3307-238 




4 


4939.685 


a 


3 


b 


3 




4 


4973- "3 


a 


2 


6065.495 
6136.624 


b 


4 


•3347-932 




4 


4994.133 
5041.076 


a 


3 


b 


5 


•3389.748 




3 


a 


3 


61Q7.734 
6165.370 


b 


4 


•3476.705 




5 


5041.760 


a 


4 


b 


3 


•3506.502 




5 


5051.641 


a 


4 


6173-345 


b 


4 


•3553-741 




I 


5079.227 


a 


3 


6200.323 


b 


4 


♦3617.789 




5079.743 
5098.702 


a 


3 


6213.441 


b 


5 


♦3659.521 




Ir 


a 


4 


6219.290 


b 


\ 


•3705.567 




5« 23.729 


a 


4 


6252.567 


b 


•3749-487 




8R 


5127.366 


a 


3 


' 6254.269 
6265.145 


b 


4 


♦3820.430 




8R ! 

1 


5150.846 


a 


4 


b 


5 


•3859-9^3 




2^ 


5151-917 


a 


3 


6297.802 


b 


4 


♦3922.917 




6R 


5194.950 


a 


5 


6335.342 
6430.859 


b 


6 


♦3956.682 




6 


5202.341 


a 


5 


b 


I 


♦4009.718 




5 


5216.279 


a 


I 


6494.992 


b 


♦4062.451 




4 


5227.191 


a4 








14132.063 


bi 


7 


5242.495 


a 


3 








t4>75-639 


b 


4 


5270356 


a4 


8 








t4202.03I 


bi 


7^ 1 


5328.043 


ai 


7 








14250.79I 


b2 


7 1 


5328.537 


a4 


4 


■ 




1 

1 



* Measures of Burns. t Means of St. John and Bums. 

X Means of St. John and Goes. Others are means of measures by all three. References : St. John and Ware, 
Astrophysical Journal, 36, 1913; 38, iQt3; Bums, Z. f. wissen. Photos. 12, p. 207, 1013, J. de Phys. 1913, and unpub- 
lished data; Goos, Astrophysical Journal, 35, 1912; 37, 1913. The lines in the table have been selected from the 
many given in these references with a view to equal distribution and where possible of classes a and b. 

For class and pressure shifts see Gale and Adams, Astrophysical Journal, 35, p. 10, 1912. 
Class ^: "This involves the well-known flame lines (dc Watteville, Phil. Trans. A 204, p. 139. 
1904), i.e. the lines relatively strengthened in low-temperature sources, such as the flame of the arc, 
the low-current arc, and the electric furnace. (Astrophysical Journal, 24, p. 185, 1906, 30, p. 86, 
19091 34» p. 37» 191 1» Z^% P- 185, 191 2.) The lines of this group in the yellow-green show small but 
definite pressure displacements, the mean being 0.0036 Angstrom per atmosphere in the arc'* 
Class b: ** To this group many lines belong; in fact all the lines of moderate oisplacement under 
pressure are assigned to it for the present. These are bright and symmetrically widened under 
pressure, and show mean pressure displacements of 0.009 Angstrom per atmosphere for the lines 
in the region \ 5975-6678 according to Gale and Adams. Group c contains lines showing much 
larger displacements. The numbers in the class column have the following meaning : i, syin< 
metrically reversed ; 2, unsymmetrically reversed ; 3, remain bright and fairly narrow under pres- 
sure ; 4, remain bright and symmetrical under pressure but l^ecome wide and diffuse ; 5, remain 
bright and are widened very unsymmetrically toward the red under pressure.*' 

For further measures in International units see Kayser, Bencht liber den gegenwartifren 
Stand der Wellenlangenmessungen, International Union for Cooperation in Solar Research, 1913. 
For further spectroscopic data see Kayser*s Handbuch der Spectroscopie. 

•mithsonian Tables. 
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WAVE-LENGTHS OF FRAUNHOFER LINES. 
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coiiTeiuence of reference the values of the wave-lengths corresponding to the Fraunhofcr 
les usually designated by the letters in the column headed 'Mndex letters/' are here tabulated 
paimtely. The values are in ten millionths of a millimeter, on the supposition that the D line 
doe is 5896U155. The table is for the most part taken from Rowland's table of standard wave- 
ngths. 



ladcz Letter. 


Line due to — 


Wave-length in 
oentimeterB X io>. 




Index Letter. 


Line due to— 


Wave-length in 
centunetert X loS. 


A 


r 


7621.28* 


G 


r* 


4308.081 




(O 


7594.06* 




(Ca 


4307.907 


a 


- 


7164.725 


g 


Ca 


4226.904 


B 





6870.182! 


horH^ 


H 


4102.000 


CorH. 


H 


6563.045 


H 


Ca 


3968.625 


a 





6278.303 1 


K 


Ca 


3933.825 


D, 


Na 


5896.155 


^ 


Fe 


3820.586 


Di 


Na 


5890.186 


M 


Fe 


3727778 


D. 


He 


5875.985 


N 


Fe 


3581.349 


El 


.Fe 


5270.558 





Fe 


3441.15s 


ica 


5270.438 


P 


Fe 


3361.327 


E, 


Fe 


5269.723 


Q 


Fe 


3286.898 


bi 


Mg 


5183.791 


R 


r* 


3181.387 


b. 


Mg 


5172.856 


ica 


3179.453 


b« 


v 

(Fe 
jFe 


5169.220 
5169.069 
5167.678 


Si) 
Sa) 


< 


Fe 
Fe 
Fe 


3ioa787 
3ioa43o 
3100.046 


^Mg 


5167.497 


8 


Fe 


3047.725 


ForH^ 


H 


4861.527 


T 


Fe 


3020.76 


d 


Fe 


4383-721 


t 


Fe 


2994-53 


CorH, 


H 


4340.634 


U 


Fe 


294799 


f 


Fe 


4325.939 









rbc two lines here ghren for A are stated by Rowland to be : the first, a line " beginning at tht head of A, outp 
idlgit ; ** the aecoDd, a '* single line beginning at the tail of A.** 
'hm prf n^od line in the bead of B. 
3kaet line IB the • g;roiip. 

TaWe 163, Rowland's St^ar Wav^^Iengths (foot of page) for correction to reduce these values to standard system 
iv«4rtigtlia. Table 160. 

II90MIAII TaSLCS. 
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TAB1.C8 166-168. 

TABU ie6.~P]i«taBfltrlo StiBdtrdi. 



No primary photometric standard has been generally adopted by the various goyemmenta. la 
Germany the Hetner lamp is most used ; in England the Pentane lamp and sperm candles are 
used ; in France the Carcel lamp is preferred; in America the Pentane and Hefner lamps are used 
to some extent, but candles are more largely employed in gas photometry. For the photometry 
of electric lamps, and generally in accurate photometric work, electric lamps, standardized at a 
national standardizing institution, are commonly employed. 

The " International candle '* is the name recently employed to designate the value of the candle 
as maintained by cooperative effort between the national laboratories of England, France, and 
America; and the value of various photometric units in terms of this international candle is giveB 
in the following table (taken from Circular No. 15 of the Bureau of Standards). 



I International Candle 
I International Candle : 
I International Candle : 
I International Candle ^ 
I International Candle 



: I Pentane Candle. 
I Bougie Decimale. 
X American Candle. 
I.I I Hefner Unit. 
0.104 Carcel Unit 



Therefore i Hefner Unit = 0.90 International Candle. 

The values of the flame standards most commonly used are as follows : 

1. Standard Pentane Lamp, burning pentane 10.0 candles. 

2. Standard Hefner Lamp, burning amyl acetate 0.9 candles. 

3. Standard Carcel Lamp, burning colza oil 9.6 candles. 

4. Standard English Sperm Candle, approximately .... 1.0 candles. 

Slight differences in candle power are found in different lamps, even when made as accurately 
as possible to the same specifications. Hence these so-called primary standards should be them- 
selves standardized. 



TABUS 167 


. — bitilBalo Bilf lilBMi of Vixlou Llflit 801VOM. 












National Eleetrie 




Barrows. 


Ives * Luekiesh. 


Lftiiip 










Assoc is ttoD. 




C. P. per 8q. In. 


C. P. per Sq. In. 


C. P. i>«r Sq. 


C. P. per 8q. In. | 




of lurtsce 


of aurfaoe 


Mni.of Kur^ 


of cmrfsee 




of light. 


of light. 


face of light. 


of light. 


Sun at Zenith . . . . * 


600,000 


— 


_ 


600,000 


Crater, carbon arc . . . * 


200,000 


84,000 


130. 


aooyooo 


Open carbon arc . . . • 
Flaminf^ arc . . . . • 


io/xx>-5o,ooo 


- 


- 


10,000-50,000 ' 


5,000 


- 


— 


S.O0O ! 


Magnetite arc . . * . • 


— 


4i«» 


6.a 


— 


Nernst Glower . . . • 


800-1,000 


(115V.6 amp. d.c.) 3,010 


4-7 


(1.5 w.p.c.) 3,aao 


Tungsten incandescent, i.is w. p. c- 


- 


- 




1,000 


Tungsten incandescent, i.a5 w. p. c- 


1,000 


1,000 


1.64 


875 


Tantalum incandescent, 2.0 w. p. c 


750 


580 


0.9 


7SO 


Graphitised carbon filament, a. 5 










*v • Uc C« •••••• 


6as 


jn 


x.a 


625 


Carbon incandescent, 3.1 w. p. c. . 


480 


0.7s 


480 


Carbon incandescent, 3.5 w. p. c. 


375 


400 


0.63 


37S 


Carbon incandescent, 4.0 w. p. c. . 


300 


325 


0.50 




Inclosed carbon arc (d. c.) 
Inclosed carbon arc (a. c.) 


100-500 




- 


100-500 


- 


- 


- 


7S-200 


Acetylene flame (i ft. burner) . 


75-JOO 


53.0 


0.082 


75-»oo 


Acetylene flame (}^ ft. burner) 




33-0 


0.057 




Welsbach mantle .... 


ao-as 


31.9 


0.048 


ao-50 


Welsbach (mesh) .... 




56.0 


0.067 


- 


Cooper Hewitt mercury vapor lamp 


t6.7 


>49 


0.023 


17 


Kerosene flame 


4-8 


9.0 


0.014 


3-8 


Candle flame 


S-4 


-m 


- 


3-4 


Gas flame (fish tail) .... 


3-8 


»'7 


0.004 


3-8 


Frosted incandescent lamp 


4-8 




- 


a-5 


Moore carbon-dioxide tube lamp 


0.6 


~ 


^ 


o.3-»-75 



Taken from Data, 191 1. 
TABLB 16t. - VislbUlty of White Idflits. 



Rsnjro. 


Candle Power. 1 


1 


8 


I sea-ir.ile= 1855 meters . . * . 


0.47 


0.41 


2 i» «« 


« 9 


1.6 


c *' ** 


11.8 


10. 



^Patersonand Dudding. 'Deutsche Seewarte. 

I micro-calorie through i cm. at 1 m. =0.034 sperm candle = 0.0385 Hefuer unit (no diaphragm) = 0.043 Hefntf 
lit (diap. 14 X 50 mm.). Coblcntz Bui. B. of S., 11, p. 87, 1914. 



unit 

Smithsonian Tailcs. 



Table 160t 
EFFICIENCY OF VARIOUS ELECTRIC LIGHTS. 
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Kw-hoors 


Total cost 






Amperes. 


Terraintl 
Watts. 


Lomens. 


for 100,000 
Lumen- 
hours. 


per 100,000 
Limien-hours 

at lo.cts. 
per Kw-hour. 




Regenerative d.-c., series arc 


SS 


S 


11,670 


3-3. 


0-339 




Regenerative d.-c, multiple arc 


1:1 


11,670 


5.18 


0.527 




Magnetite d.-c., series arc 


8I640 


7.16 


0.729 
0.837 




Flame arc, d.-c., inclined electrodes 


10.0 


550 


6.37 




Mercury arc, d.-c., multiple 
Flame arc, d.-c., indineci electrodes 


3-5 


3»5 


4»400 


15.92 


0.89 




8.0 


440 


6,140 


7.16 


0.966 




Flame arc, d.*c., vertical electrodes 


8.0 


440 


6,140 


7.16 


0.966 




Luminous arc, d.-c., multiple 


6.6 


726 


7»370 


9.85 


0.988 




Open arc, d.-c., series 
Magnetite arc, d.-c., series 


9.6 
4.0 


480 
320 


5.025 
2,870 


9-55 
II. 15 


1.079 
i'>3 




Flame arc, a.-c., vertical electrodes 


10.0 


467 


5»340 


8.75 


1.275 




Flame arc, a.-c., inclined electrodes 


1 0.0 


467 


5»340 


8.75 


X.275 




Open arc, d.-c., series 


6.6 


32s 


2,920 


II. 15 


1-305 




Tungsten series 


6.6 


75 


626 


12.0 


1.384 




Flame arc, a-c, inclined electrodes 


8.0 


374 


3'9io 


9-55 


1405 




Inclosed arc, d.-c., series 


6.6 


475 


3»3»5 


14.32 


x-459 




Luminous arc, d.-c., multiple 


4.0 


440 


2,870 


15-32 
12.6 


1-547 




Tungsten, multiple 


O.MS 
1.87 


60 


475 


;-^ 




Nemst, a.-c., 3-glower 


414 


2,160 


19.2 




Nemst, d.-c., 3-glower 


1.87 


414 


2,160 


19.2 


1.90 




Inclosed arc, a.-c., series 


dS 


480 


2,410 


19.9 


2.05 




Inclosed arc, a.-c., series 


425 


2,020 


21.3 


2.193 




Tantalum, d.-c., multiple 


— 


40 


199 


21. 1 


2.31 




Tantalum, a.-c., multiple 


— - 


40 


199 


21. 1 


2.504 




Carbon, 3.1 w. p. c, multiple 


— 


49.6 


166 


29.9 


324 




Carbon, 3.5 w. p. c, series 


6.6 


210 


626 


33-6 


3-47 




Carbon, 3.5 w. p. c, multiple 


— 


56 


166 


33-7 


3-50 
366 




Inclosed arc, d.-c., multiple 


5.0 




i»535 


35-8 




Inclosed arc, d.-c, multiple 


n 


385 


1,030 


37-4 


3-84 




Inclosed arc, a.-c., multiple 


430 
285 


1,124 


383 


3.94 




Inclosed arc, a.-c., multiple 


4.0 


688 


41.4 


4.265 

^ 



The above are taken from Bryant and Hake, Engineering Experiment Station, University of 
Illinois. The following are from Ives, Physical Review, V, p. 390, 1915 (see also VI, p. 332, 
1915) and are computed assuming i lumen = 0.001 59 watt. 









Luminous 






Lumens 


Wans Flux 


lUumhumt 


Commercial Rating 


>^St. 


-r Watts In- 






put or True 








Effideucy. 


Open flame gas burner 


Bray 6' high pressure 


0.22 


0.00035 


Petroleum lamp 




.26 


.0004 


Acetylene 


1.0 liters per hour 


.67 


.0011 


Incandescent gas (low pressure) 


.350 lumens per B. t. u. per hr. 


1.2 


.0019 


Incandescent gas (high pressure) 


.578 lumens per B. t. u. per hr. 


2.0 


.0031 


Nemst lamp . 




4.8 


.0076 


Moore nitrogen vacuum tube 


220-v. 60-cycle, 113 ft. 


5-21 


.0083 


Carbon incandescent (treated filament) 


4-watts per mean hor. C. P. 


2.6 


.0041 


Tungsten incandescent (vacuum) 


1.25 watts per hor. C P. 


8. 


.013 


Carbon arc, open arc 


9.6 amp. clear globe 


11.8 


.019 


Mazda, type C 


500-watt multiple .7 w. p. c. 
600 C. P. -20 amp. .5 w. p. c. 


15- 


.024 


Mazda, type C 


19.6 


.031 


Magnetite arc, series 


6.6 amp. direct current 


21.6 


.034 


Glass mercurv arc 


40-70 volt ; 3.5 amperes 


23- 


.036 


Quartz mercury arc 


174-197 volt ; 4.2 amperes 


42. 


.067 


Enclosed white flame carbon arc 


10 ampere, A. C. 


26.7 


.042 


M (4 U It II 


6.5 ampere, D. C. 


35-5 


.057 


Open arc " ** inclined 


10 ampere, A. C. 


29. 


.046 


li it II II <i 


10 ampere, D. C. 


27.7 


•044 


Enclosed yellow flame carbon arc 


10 ampere, A. C. 


31-4 


.050 


1* *< II 41 M 


6.5 ampere, D. C. 


34.2 


•^ 


1 Open arc, ** " , mclined 


10 ampere, A. C. 


41.5 


1 M 41 «l U (1 


10 ampere, D. C. 


44-7 


.071 



l8o Tablcs 1 70-1 72. 

SENSITIVENESS OF THE EYE TO RADIATION. 

(Compiled from Nutting, Bulletin of the Bureau of Standards.) 

Radiation is easily visible to most eyes from aijo^ in the violet to 0.7701A in the red. At 1 
intensities approaching threshold values (rGd vision) the maximum of spectral sensibility lies 
in the green at about 0.510/bi for 90% of all persons. At higher intensities with the establish- 
ment of cone vision the maximum snifts towards the yellow at least as far as 0.560/i. 

TABLB 170. - VajUtloi of the StBitttTttiM of the By* wtth tto WAT»-l«ictk at Low 

TluMkold Valnoi). Unlc. 



A 


.410 


.430 


•450 


.470 


.490 


.510 


.530 


•550 


.570 .590 


.6co 


Mean sensitiveness 


OJ02 


0.06 


0.23 


0.49 


0.81 


1. 00 


0.81 


0.49 


0.22 0.077 


0.026 



TABLB 171. — VazlAtioii of SonoltlYonofli to Hodiotlcn of Oioator Intoiirttlot. 

The sensibility is approximately proportional to the intensity over a wide range. The ratio of 
optical- to radiation-intensity mcreases more rapidly for Uie red than for the blue or green 
(Purkinje phenomenon). 

The intensity is given for the spectrum at 0.535/A (green). 



Intensity (metre-candles) = 


.00024 


.00235 


.0360 


•575 


a. 30 


<iaz 


36.9 


147.6 


59<i-4 


Ratio to preceding step = 


- 


9.38 


16 


16 


4 


4 


4 


4 


4 


Wave-length, A. 








Se 


"1 
ositiveneaa. 






f 


O43OM 


.081 


.093 


.127 


.128 


.114 


.114 


- 


— 


-. 


.450 


•33 


.30 


.29 


•31 


.23 


•175 


.16 


— 


— 


.470 
490 


s 


('^) 


•54 
(.76) 


('^) 


.51 
(.83) 


.29 

.50 


.26 


.23 
.61 


•35 


•505 


1. 00 


1.00 


1. 00 


1.00 


•99 


(.76) 


:lt 


.520 


.88 


.86 


.86 


.94 


.99 


(.80 
(.98) 


s 


•85 


•535 


.61 


.62 


.63 


.72 


•5' 


•99 


.98 


•555 


.26 


•30 


.34 


.41 


.62 


.84 


•93. 


•97 


.98 


.575 


.074 


.102 


.122 


.168 


(■39) 


(.63) 


(.76) 


(.82) 


(A») 


590 


.025 
.008 


.034 


•054 


.091 


•27 


•49 


.61 


.68 


.69 


.605 


.012 


.024 


.056 


•'73 


•35 


(.45) 


•54 


•ss 


.625 


.004 


.004 


.011 


.027 


.09J 


.20 


.27 


•35 


•35 


.650 


.000 


.000 


.003 


.007 


.025 


.060 


.085 


.122 


•33 


.670 


.000 


.000 


.001 


.002 


.007 


.017 


.025 


.030 


.030 


X, maximum sensitiveness 


•503 


.504 


.504 


.508 


•513 


•530 


.541 


•543 


•544 1 



TABLB 172. — SoBiibmtytoamiUDIfforoiiooolalntoiiBityiiioaiiiiidutFnolloaoftlioWlioIa 



The sensibility to small differences in inten- 
sity is independent of the intensity (Fech- 
ner*8 law). About 0.016 for moderate 
intensities. Greater for extreme values. 

It is independent of wave-length, extremes 
excepted (Konig*s Uw). 

Sensibilitv to slight differences in wave- 
length has two pronounced maxima (one 
in the yellow, one in the green) and two 
slight maxima (extreme blue, extreme 
red). 

The visual sensation as a function of the 
time approaches a constant value with the 
lapse of time. With blue light there 
seems to be a pronounced maximum at 
0.07 sec, with red a slight one at ai2 sec- 
onds, with green the sensation rises stead- 
ily to its final value. For lower intensi- 
ties these max. occur later. 

An intensity of ^00 metre-candles is about 
that on a horizontal plane on a cloudy 
day. 



A = 


.670 


.605 


■575 


.505 


.470 


.430 


White 


loinm. c. == 


0.060 
SI: 


aoo56 


0.0039 


aoooxj 


0.0001a 


0.000X3 


aooo73 


I 


: Kdnig's dat 


a, meas 


uresfro 


m one nonnal | 








ycnati i 


anly. 






1,000,000 


- 


- 


- 


- 


- 


-. 


.036 


aoo,ooo 


- 


.04J 


— 


• 


• 


— 


.037 


100,000 


- 


.034 


.033 


- 


- 


— 


.019 


30,000 


.oai 


•0S5 


.036 


— 


- 


— 


.0x7 


ao,ooo 


.016 


^>x8 


.030 


x>i9 


- 


— 


.017 


10,000 


.0x6 


.016 


.0x8 


.018 


- 


•« 


.018 


S.000 


.018 


.016 


.017 


.0x6 


- 


— 


.0x8 


a, 000 


.016 


.018 


.018 


.0x7 


.0x8 


.. 


.018 


1,000 


.017 


•020 


.018 


.018 


.0x7 


.018 


.0x8 


500 


.020 


•OSI 


.018 


.019 


.018 


.oai 


.0x9 


aoo 


.033 


K}33 


.033 


.033 


.03 X 


.034 


.oaa 


100 


.03Q 


.028 


.027 


.034 


.033 


.035 


.030 


50 


.038 


.038 


.0^3 


.03S 


.035 


.037 


.03a 


xo 


.065 


.o6x 


.058 


.036 


.037 


.040 


.048 


5 


.093 


.»03 


,089 


.049 


.046 


.049 


.059 


1 


.35« 


.313 


.170 


.060 


.088 


.074 


.188 


0.5 


.376 


^6 


.31 


.091 


•°9S 


.097 


0.10 


- 


- 


.40 


•"S3 


.138 


•«37 


.377 


ox)5 


- 


- 




.X83 


.185 


•«54 


.484 


o.ot 


- 


— 


- 


.371 


.389 


.«49 


- 


0.005 








•3»S 


.300 


•3«« 





Smithsonian Tables. 
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1 82 Tables 177-180. 

ATMOSPHERIC TRANSPARENCY AND SOLAR RADIATION. 

TABLB 177.— TruimlBilMi d Birttatlwi Tkioiffli Kolit and Dry Air. 

This table gives the wave-length, X ; a the transmission of radiation Iw dry air above Mool 
Wilson (altitude = 1730 m. barometer, 620 mm.) for a body in the zenith ; finally a correction fao 
tor, aw, due to such a quantity of aaueous vapor in the air that if condensed it would form a lafB 
I cm. thick. Except in the bands of selective absorption due to the air, a agrees very closely ra 
what would be expected from purely molecular scattering, aw is very much smaller than would b 
correspondingly expected, due possibly to the formation of ions by the ultra-violet light from tb 
sun. The transmission varies from day to day. However, values fur clear days computed as fol 
lows agree within a per cent or two of those observed when the altitude of the place is such thi 
the eftect due to dust may be neglected, e. g. for altitudes greater than 1000 meters. If Bs 

B 

the barometric pressure in mm., w, the amount of precipitable water in cm., then 33= a*** a^. v i 

best determined spectroscopically (Astrophysical Journal, 35, p. 149, 1912, 37, p.359t 1913) othe 

___ h 

wise by formula derived from Hann, w= 2.3ewio '^'^, ew being the vapor pressure in cm. at tl 
station, h, the altitude in meters. 



AW 


;5^v 


.384 


.413 


•P^ 


:^1 




.574 


.624 


.653 
.938 
•^5 


.720 


•^ 


1.74 


a 


(.660) 


.713 


.7«3 


.840 


.090 


.905 


.920 


•97? 


.9S6 


.990 


aw 


.950 


.960 


.965 


.967 


•977 


.980 


•974 


.978 


.988 


.990 


.990 



Fowle, Axtrophysical Joanul, 38, 19x3. 
VABLE 178.-Brlg]itnsM of (nOlatioB Ixom) Sky at Mt. Wilson (1730 bl) and FUnt Island (saa Imi 



Zenith dist. of zone .... 
10^ X mean ratio sky/sun Mt. Wilson 
'^ Flint Island 

Ditto X area of zone Mt Wilson 

FUnt Island 



«4 



(I 



o-i5°!«5-35°l35-5o° 


50-60° 


60-70° 


70-80° 


80-^°! - 


1500* 


400 


520 


610 


660 


700 


7» 1 - 


««5 


122 


128 


ISO 


185 


210 


460 


- 


51.0 


58.8 


91.5 


87.2 


I04-3 


1 1 7.6 


«a5-3 


— 


3-9 


17.9 


22.5 


21.4 


29.2 


35-3 


80.0 


— 



San. 



6)6 
210 



Altitude of sun 

Sun's brixbtness, cal. per cm.' per roin. . 
Ditto on horizontal surface .... 
Mean brightness on normal surface sky X lo^/sun 
Total sky radiation on horizontal cat per cm.' . 

per m. . ^ 

Total sun -{- sky, ditto 



5" 
• 533 
.046 

423 

x>s6 
.T02 



i5« 
.900 

.»33 
403 

.no 
•343 




.162 
.686 



* Includes allowance for bright region near sun. For the dales upon which the observation of the upper portion 
table were taken, the mean ratios of total radiation skv/sun, for equal angular areas, at normal incidence, at the iala 
and on the mountain, respectively, were 636 X 10—8 and 210 X 10— 8, on a norizontal surface, 305 X 10—8 and 77 X 10- 
for the whole sky, at normal incidence, 0.57 and 0.20; on a horizontal surface 0.27 and 0.07. Annals of the AsC 
physical Observatory of the Smithsonian Institution, vols. II and III, and unpublishnl researches (Abbot). 

TABLE 179.— RolatlTo Distribution In Normal Spoctmm of Senllffht and Sky-Uglit at Mount WUmil 

Zenith distance about 50®. 





M 


M 


M 


M 


M 




C 


D 


b 


F 


Place in Spectrum 


0.422 


0.457 


0.491 


0.566 


0.614 


0.660 




Intensity Sunlight 


186 


^3; 


227 


211 


191 


166 










Intensity Skv-light 


1194 


986 


701 


395 


231 


174 










Ratio at Mt. Wilson 


642 


425 


309 


187 


121 


105 


102 


143 


246 


316 


Ratio computed by Rayleigh 


- 








- 




102 


164 


258 


328 


Ratio observed by Kayleij^jh 


■• 


"" 


^ 


"■ 


^" 


^" 


102 


168 


291 


36Q 



TABLB 180. -Air Kaasos. 

See Table 174 for definition. Besides values derived from the pure secant formula, the tab 
contains those derived from various other more complex formula, taking into account the ciur 
ture of the earth, refraction, etc. The most recent is that of Bemporad. 



Zenith Dist. 


oo 


aoo 


400 


6o«> 


70O 


75° 


foo 


8S*> 


880 


Secant 


1.00 


1.064 


1.305 
1.306 


2.000 


2.924 


3.864 


576 


11.47 


28.7 


Forl)es 


1. 00 


1.065 


T.995 


2.902 


3.809 


5-57 


T0.22 


18.9 


Bouguer 


1. 00 


1.064 


1.305 


1.990 


2.900 


3.805 


556 


10.20 


19.0 
18.8 


Laplace 


1. 00 


— 




1-993 


2.899 




5.56 


10.20 


Bemporad 


1.00 


" 




J -995 


2.904 


" 


5.60 


10.39 


19.8 



The Laplace and Bemporad values, Lindholm, Nova AcU R. Soc. Upsal. 3, 19x3 ; the others, Kadau's Actis 
metric, 1877. 

Smithsonian Tables. 
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1 74' Tabu i 83 («■«•»* 



CoTTKiionfttD reduce Kowlud*! wiTc-JcDgiba to tuadudi of TaUc iCo(tlM ftcceptcd 

W«ie-I«igih j6oo. jToo. sScu ]vx>' 4000. 41110. 4»o, 4jea, 4400. 
CoTKCtioo — .ijs —.140 —.HI —.144 — .14S— .J» —.156 —.161 —.1^ - 

SMiTHaoMMH TaaLt*. 



Tables 186-188. INDEX OP REFRACTION. 

TABLB 180. -niAa oC SitnotlaB d Rook Salt In Air. 



185 



: Mii). 


m. 


Obwr- 
ver. 


Mm). 


ff. 


Obser- 
ver. 

L 


a(m). 


n. 


Obser- 
ver. 


01185409 


1.89348 


M 


0.88396 


1.534011 


5-8932 


I.516014 


P 


J04470 


1.76964 


u 


.972298 


» 532532 


(t 


It 


iS'5553 


L 


. -3591368 


I.61325 


M 


.98220 


'•532435 


P 1 


6.4825 


1. 513628 


P 


.358702 


»S7932 
1.55962 


a 


1.036758 


1.531762 


L 


II 


1.513467 


L 


^1587 


H 


1.1786 


1-530372 


P 


7.0718 


1.511062 


P 


-4S6149 


«-5S3#^ 


M 


u 


1.530374 


L 


7.661 1 


1.508318 
1.50W04 


M 


« 


1553406 


L 


1.555137 

1.786 


1.528211 


(i 


Z-2558 


II 


« 


"•553399 


P 


1.527440 


P 


8.839S 


1.502035 


11 


.58902 


1544340 


L 


(( 


1.527441 


L 


10.0184 


1.494722 
1481816 
147 1720 


<l 


256304 


'•544313 
1.540672 


P 
P 


2.073516 

2.35728 


1.526554 
1-525863 


P 


11.7864 
12.9650 


II 
<l 


•4 


1.540702 


L 


*4 


1.525849 


L 


14.1436 


1.460547 


II 


.706548 


'53S633 


P 


2.9466 


'-524534 


P 


14.7330 


1.454404 


II 


.766529 


1.536712 


P 


3-5359 


^-523^73 
1.521648 


II 


153223 
1 5.91 16 


1.447494 


M 


.76824 


1.53666 


M 


4.1252 


P 


1. 44 1 032 


II 


i^ 


1.536138 


P 


t( 


1.52 1625 
1.518978 


L 


20.57 


'.3735 


RN 


1.534011 


P 


5.0092 


' 


22.3 


1.340 


II 



ir«=tf«+ 



iWi 



+ 



Aft 



M 



where <>*== 2.330165 
^1=0.01278685 
Ai'=o.oi405oo 
il/i=Oj0O5343924 



+ 



iV, 



AT, 



^A2— Ai* ' A2— As' Aa^— A* 

Aa« = 0.02 5474 1 4 ^ = 5.680 1 37 

i& =0.0009285837 iT/8= 12059.95 

^=0.000000286086 A««=36oa (P) 



TABLB It?.— Ohaigo fli iBdOK fli RofrtotlOB for lo In Units of the Bth Doolmal Plaoo. 



i -I-3-I34 
' +I-570 



1.110 

iJil — 0.187 
|J$8 I —2.727 



Mi 

M 
M 
U 



O.44IM 
.643 



—3-425 

—3-636 



Mi 
II 

II 



C line 
D «* 
F •* 
G' " 



-3-749 

-3-739 
-3.648 

-3-585 



PI 
It 

ti 

II 



0.76C/A 
! I.36S 
1.88 

4-3 



-373 
-3.88 

-3.85 
■3-82 



L 
L 
L 
L 



Annals of the Astrophysicai Observatory 
if the Smithsonian Institution, Vol. I, 190a 
[ibitens, Ann. d. Phys. 6, 1901, 8, 1902. 
1i, Ann. d. Phys. y, 1902. 



P Paschen, Wied. Ann. 26, 1908. 

PI Pulfrich, Wied. Ann. 45, 1892. 

RN Rubens and Nichols, Wied. Ann. 60, 1897. 



YMMLB lat. — AiAa ol Bofraotlon ol SUTlno (Potassinm Ohlorldo) In Air. 
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•185409 


I.82710 


M 


1.1786 


1. 47831 1 
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P 
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1.462726 
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II 


II 


1.47824 


W 


It 


1.46276 


w 
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1.64745 


M 


1.7680 


1.475890 


P 


1 8.8398 


1.460858 


P 


.01640 


1.5812 c 
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If 
14 


II 
235728 


1.47589 
I.47475I 


W 

p 


tt 
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1.46092 
1.45672 


w 

P 


.308227 


i.54«36 


M 


2.9466 


1.473834 


II 


II 


1-45673 


w 


^702 


1.52115 


M 


fi 


1-47394 


w 


11.786 


1. 449 1 9 


P 


•?*i'5 


1.51219 


M 


3-5359 


1.473049 


p 


ii 


I.4494I 


W 


467832 


1.50044 


If 


11 


1.47304 


w 


12.965 


144346 


P 


.508606 


1.49620 


M 


4.7146 


1471122 


p 


ti 


1.44385 


W 


u 


1.49044 
1486S 

1483282 


P 

M 


11 
5.3039 


1.47129 
1.470013 


w 


14.144 
15.912 


1-43722 
142617 


P 
It 


i^ 


P 


II 


1. 4700 1 


w 


17.680 


141403 


ti 


1481422 


P 


5-8932 


1.468804 


p 


20.60 


1.3882 


RN 


tfi»» 


1480084 


M 


II 


1.46880 


w 


22.5 


1-369 


II 



'-+i?a?+l?^-'^^'-^^^ o-^+;^^l7+.-.^b+^« 



a2»2.i74967 
M— 00083442 




A82 = 0.0255550 

134^^ i&=o.ooo5i3495 

Ai^Bsooi 19002 ^=0.000000167587 As'-' =329247 (P) 

^s«Baoo6Q8j82 
W Wdler, Me FMcben's Mrtide, Other references as under Tab\e \%'j ^ a\x>N«. 



1^=3.866619 
^^1=5569-715 

^8-' = 329247 
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Tables 189-192. 

INDEX OF REFRACTION. 
TABLB 189.-]M« oC Ritantlan oC FlMBlto bi Air. 
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Obser- 
ver 


a(m) 
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ObMr- 
ver 


a(m) 


n 


Otner. 

rtx. 


0.1856 

.I9S8I 

.21441 


1.50940 


S 


1-4733 


1.42641 


P 


4.1252 


1.40855 


P 


1.49629 
1.48462 


«« 

u 


1.6200 


1.42596 
1.42582 


u 

4t 


1 4-4199 
1 4-7146 


r. 40550 
1.40238 


4« 
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1.47762 


tt 


1.7680 


1.42507 
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5.0092 


1.39898 


•4 
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1.46476 


u 
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it 


2.7502 


1.41071 
141826 


•1 


9.4291 


1.31612 


.4 


.76040 


1.43101 


«< 1 


2.9466 


«< 


51.2 


HZ 


RA 


.8840 


1.42982 


p 


3-M30 


141707 


«« 


61. 1 


2.66 


•• 


1.1786 


1.42787 


M 


3-2413 


1.41612 


« 


00 


2.63 


S 


'-37 56 


1.42690 


(. 


3-5359 
3.8306 


>-4i379 


" 














1-4733 


1. 42641 


M 


1.41 120 


li 


References under Table 


«73- 



««=fl2 + 



^f^ 



1 



Af2 



where a^ = 2.03882 
il/i = 0.0062183 
Xi^ = 0.007706 
<f= 0.0031999 



/= 0.000002916 

^ = 6.09651 
^2=0.0061386 
^,2= 0.00884 



-\ 



^8 



X2 — A,.* 

i»f8=5"4-65 
Ar2= 1260.56 

x*= 0.0940^ 
Ar=35-SM 



(P) 



TABLE 190. — Oluuii* d I&dts d Bafnottooi tar l^O In UBlti d tht 6tb DmUbaI 

C line, — 1.220; D, — 1.206; F, — 1.170; G, — 1.142, (PI) 





TABLB 181. -iBdw Of BtfnoUoi of IMIaaA Sptr (OaOO,) ta Air. 






A (ft) 


«• 


«• 


Obser- 
ver. 

M 


A(m) 


M* 


% 


Obeer 
ver. 

M 


A(f*) 


ff» 


nt 


Obser. 
▼er. 


0.198 


^ 


1.5780 


0.508 


1.6653 
1.6628 


1.4896 
1.4884 


0-991 


1.6438 


1.4802 


c 


.200 


1.9028 


1-5765 


(4 


-533 


44 


1.229 


1-6393 


1.4787 


u 


.208 


1.8673 


1.5664 


41 


A 


1.6584 


1.4864 


44 


1.307 


1.6379 


1.4783 


« 


.226 


1.8130 


1.5492 


- 


1.6550 


14849 


14 


1.407 
1.682 


1.6346 


»-4774 


•4 


.298 


1.7230 


i-5i5» 


c 


.656 


1.6544 


1.4846 


44 


^•63'3 


- 


a 


.340 


1.7008 


1.5056 


M 


.670 


1-6537 


1.4843 
1.4826 


44 


1.749 
1.849 




1.4764 


(4 


.361 


1.6932 


1.5022 


C 


.760 


1.6500 


- 


1.6280 


— 


M 


.410 


1.6802 


1.4964 


- 


.768 


1.6497 


1.4826 


M 


1.908 


— 


I-47S7 


C4 


.434 
.486 


1.6755 


1-4943 


M 


.801 


1.6487 


1.4822 


C 


2.172 


1.6210 


— 


•C 


1.6678 


1.4907 


44 


•905 


1.6458 


1.4810 


44 


2.324 




M739 


a 



C CarvaDo, J. de Phys. (3), 9, 190a 

M Martens, Ann. der Phys. (4) 6, 1901, 8, 190a. 

P Paschen, Wied. Ann. s^i 1895. 



PI Pulfrich, Wied. Ann 4^, 189a. 

RA Rubens-Aschkinass, Wied. Ann. 67, 1899. 

S Starke, Wied. Ann. 60, 1897. 



TABLB 192. — Indu oC RetnotiaM oC Hltzoto-Oimstliyl-uilUas. (Wood.) 



A 


n 


A 


M 


A 


m 


A 


M 


A 


m 


0.497 


2.140 


0.525 
•536 


I.94S 


0.584 


1.815 


0.636 


1.647 
1.758 


0.7x3 


I.718 


.500 


2. 114 


1.909 


.602 


1.730 


•647 


•730 


«-7i3 


.506 


2.074 


.546 


1.879 


.6ri 


1.783 
1.778 


.659 
.6S9 


1.750 


•749 


r.709 


.508 


2.025 


•569 


1.857 


.620 


1.743 


•763 


t.697 


.516 


1.985 


1.834 


.627 


1.769 


.696 


1.723 







NitrosoKlimethyl-Aniline hu 
Smithsonian Tablcs. 



dispcrrion in yellow and green, metallic absorption in violot Sot Wood* 
Phil. Mag. 1903. 
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INDEX OF REFRACTION. 

I in. - blM « BiftMiiai *l Qn*ra (aiOi). 
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~i*inl^nii II liiii II 1 ■iiiliili rriiiiiiiii rmli Til iillm 
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Table 106. 



INDEX OF REFRACTION. 



▼ariou MoBoraMnfnt or QyttotUy iMtnvio Mlii. 



Subttanoe. 



Agate (light color) • , . . . 

Albite glass 

Ammonium chloride . • • . . 
Anorthite glass •••••. 
Arsenite ....... 

Barium nitrate 

Bell metal 

Blende ••••••. 

Boric add 

Borax (vitrified) 

Camphor ....... 

Diamond (colorless) 

Diamond (brown) ..... 
Ebonite 

Fuchsin 

Garnet (different varieties) . . • 
Gum arabic ...••. 

U (I 

Lime CaO ..•••.. 
Magnesium oxide 

Obsidian 

Opal 

Pitch 

Potassium bromide 

" chlorstannate .... 

" iodide 

Phosphorus 

Resins : Aloes 

Canada balsam .... 

Colophony 

Copal 

Mastic 

Peru balsam .... 

Selenium, vitreous 

C bromide ..... 
Silver } chloride 

{ iodide ..•••• 

Sodium chlorate 

Spinel 

Strontium nitrate 



Line of 
Spectrum. 



red 
D 
D 
D 
D 
D 
D 
Li 
Na 
Tl 
C 
D 
F 
C 
D 
F 

D 




D 



41 



(I 



red 



Index of 
Refraction. 



1.5374 
14890 
1.6422 

1.5755 

«-755, 
X.5716 

1.0052 

2.34165 

2,36923 

2.40069 

1.46245 

1.46303 
147024 

1.51222 

1.51484 

1.^2068 



2.1442 
[.61Q 



Authority. 



De Senarmont. 

Larsen, 1909. 

Grailich. 

Larsen, 1909. 

DesCloiseanx. 

Fock. 

Beer. 

Ramsay. 



Bedson.and 
Carleton Williams. 



Kohlrausch. 
Mulheims. 

DesCloiseaux. 



Schrauf. 
Ayrton & Perry. 

Means. 



Various. 

Jamin. 
Wollaston. 
Wright, 1909. 
Wright, 1909. 

Various. 



Wollaston. 

Topsoe and 
Christiansen. 

Gladstone & Dale. 
Jamin. 
Wollaston. 
Jamin. 

Wollaston. 
Baden Powell. 



Wood. 



Wernicke. 

Dussaud. 

DesCloiseaux. 

Fock. 



Smithsonian Tablks. 



Table ise. 189^ 

INDEX OP REFRACTION. 



reFraclion of crystals se« Landoll-Bdmstein Phj^ikalUch- 
in order o[ indices of refraction (l places of decimals) see 
ig to kind ol crystal, see Winchel's Optical Miiieralogy, 1909. 
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Table 107. 



BIAXIAL CRYSTALS. 





Line of 


Index of Refraction. 




Snbitaooe. 


•pec- 








Aothority. 










tram. 


Minimum. 


Inteime- 
diate. 


Mudmom. 




Amphibole . 


D 


'•633 


1.642 


1.657 


L^vy-Lacroiz. 


Andalusite 






red 


1.632 


1.638 


1.643 


Leyy-Lacroiz. 


Anemousite 






D 


1-S549 
1. 877 1 


I.*8823 


1.5634 
1-^936 


Wright 191a 


Anslesite 
Annydrite 






D 


Arzruni. 






D 


^•5693 


1-5752 


1.6130 


Miilheims. 


Anorthite 






D 


1.576 


1-583 


1.589 


Bowen 1912 


And pyrin 






D 


1.5697 


I.6816 


1.7324 
1.6159 


Liweh. 


Aragonite 






D 


1. 5301 
1.6720 


Rudber^. 


Axinite 






red 


1.6779 


I.6810 


DesCloiseauz. 


Barite . 


« 




D 


1.636 


1-637 
1.4694 


1.648 


Various. 


Borax . 






D 


1.4467 


1.4724 


Dufet. 


Camegeite . 






D 


1.509 




I.514 


Bowen 191 2. 


Copper sulphate 




D 


1.5140 


1.5368 


1.5433 
1.5298 
I.612 


Kohlrausch. 


Gypsum 




D 


1.5208 
1.005 


1.5228 


Miilheims. 


HUIebrandite 




D 




Wright 1908. 


Magnesium Carbonate 


D 


M9S 


1. 501 


1.526 


Genth, Penfield. 


Magnesium Sulphate . 


D 


1.432 
X.5001 
1. 061 


1-455 


1460 


Means. 


Mica (muscovite) . 


D 


1-5936 


1.5977 
1-097 


Pulfrich. 


Olivine .... 


D 


1.678 


DesCloiseaox. 


Orthoclase . 


D 


1.5190 


1-5237 
1.7380 


1.^260 
1.8197 


a 


Pota.<i8ium bichromate . 


D 


1.7202 


Dufet. 


** nitrate 


D 


1-3346 


1.5056 


1.5064 


Schrauf. 


** sulphate 


D 


1.4932 


M946 


14980 


Topsoe & Christiansen. 


Spurrite 


D 


1.640 


1.674 


1.679 


Wright 1908. 
Caloeron 


Sugar (Cane) 


D 


1-5397 


1.5667 


I.5716 


Sulphur (rhombic) 


D 


1.9505 


1.6308 


2.2405 


Schrauf. 


Topaz (Brazilian) 


D 


1.6294 
1.638 to 
1-613 


1.6375 


Miilheims. 


Topaz (different kinds) 


■>! 


1. 63 1 to 
1.616 


1.637 to 
1.623 


> Various. 


Wallastonite 


D 


1.620 


1.632 
1.4801 


1.634 
1.4836 


Means. 


Zinc sulphate 


D 


14568 


Topsoe & Christiansen. 



SlIITHSONtAfI TaBLCS. 



Tablk 198. 
INDEX OF REFRACTION. 

Bdnutfoa xtUtiTt to Air lor Sdntioni oC Stlti tad Addi. 
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Deniity. 


Temp. C. 


Indices of refraction for spectrum lines. 






Sobstaooe* 












Authority. 











D 


P 


By 


K 




(t) SoLUTtoirs IN Watbr. 1 


Ammonium chloride 


1.067 


27*».os 


1-37703 
.34850 


1.37936 


1.38473 


_ 


1-39336 


WUligen. 


M M 


.025 
•398 


29^75 


•35050 


•355'5 
44938 


— 


.36243 


M 


Calcium chloride 


25.65 


.44000 


.44279 


- 


.46001 


M 


« a 


.215 


22.9 
25.8 


•394" 


•39652 
•37369 


.40206 


— 


.41078 


M 


if M 


.143 


•37152 


•37876 


— 


.38666 


U 


IT^rochloric add . 


I.166 


20.75 


1. 4081 7 


I.41109 


141774 

•4^57 
.40808 


— 


1. 428 1 6 


M 


Nitric acid .... 


•359 


18.75 


•39893 


.40181 


— 


41961 


H 


Potash (caustic) . . 


416 


11.0 


.40052 
.34087 


.40281 


- 


41637 


Fraunhofer. 


Potassium chloride . 


normal solution 


.34278 


.34719 


^•35049 




Bender. 


M tl 


double normal 


.34982 


.35179 


•35645 
•36512 


.» 


— 


f« 


U l« 


triple normal 

1 


•3583' 


.36029 


— 


M 


Soda (cattstic| . . 


1.376 


21.6 


1.41071 


141334 141936 


— 


1.42872 


Willigen. 


Sodium chloride . . 


.189 


18.07 


•37562 


.37789 


•38322 


1.38746 


» 


Schutt. 


U M 


.109 


18.07 


•3575' 


•35959 


.36442 


.36823 


- 


M 


U <( 


•035 


18.07 


.34000 


•34191 


.34628 


•34969 


• • 


M 


Sodium nitrate . . 


1.358 
.811 


22.8 


1.38283 


':gl| 


1.39134 
.44168 


. 


1. 401 21 


WUligen. 


Sulphuric acid . . 


18.3 


.43444 


- 


.44^3 


a 


•• M 


.632 


18.3 


.42227 


.42466 


.42967 


- 


.43694 
.38158 


II 


M M 


.221 


18.3 


.36793 


•37009 


.37468 


- 


u 


M « 

J 
1 


.028 


18.3 


.33663 


.33862 


.34285 


— 


•34938 


« 


Zinc chloride . . . 


1.359 


26.6 


1.39977 


1.40222 


1.40797 


.. 


141738 


M 


«4 M 

• • • 


.209 


26.4 


.37292 


•37515 


.38026 


"" 


•38845 


it 


(Jb) Solutions in Ethyl Alcohol. 


, Ethyl alcohol • . . 


0.789 


27.6 


1.35791 


1.35971 


•:is^ 


_ 


1.37094 


WUligen. 


•« a 


•932 


.35372 


•35556 


- 


.36662 


It 


Fuchsin (nearly sat- 


















urated) .... 


- 


16.0 


.3918 
•3831 


•398 


.361 


- 


.3759 


Kundt 


Cyanin (saturated) . 


"■ 


16.0 




•3705 




.3821 

m 


«( 


Note. — Cyanin in chloroform also acts anomalously ; for example, Sieben gives for 


a 4.5 per cent, solution ha= i4$93t fiB= 14695, ^^^(green) = 1.45 14, mo (hlue) = i-4554> 


For a 9^9 per cent, solution he gives fix — 1*4902, /&#• (green) — i.4497i /i<?(^lue) — i.4597« 


(0) SoLimoNS OF Potassium PsmMANCANATB in Watbr.* 


s. ^ 


Index 


Index 


Index 


Index 


Wave- 
length 


Spec- 


Index 


Index 


Index 


Index 


for 


for 


for 


for 


trum 


for 


for 


for 


for 


to cms. 


Une. 


i%sol. 


2% sol. 


3%»ol. 


4% sol. 


in cms. 
Xid«. 


line. 


I%80l. 


2% sol. 


3%8ol. 


4%»ol. 


68.7 


B 


1-3328 


1.3342 


_ 


1.3382 


51.6 


^ 


13368 


1-3385 


^ 


^ 


65.6 


C 


•3335 


.3348 


1.3365 


•3391 


50.0 


- 


•3374 


•3383 


1.3386 


1.3404 


617 


- 


•3343 


.3365 


.3381 


.3410 


48.6 


F 


.3377 




- 


.3408 


59-4 


— 


•3354 


.3373 


•3393 


.3426 


48.0 


- 


•3381 


•3395 


•3398 


•3413 


D 


•3353 


•3372 


- 


.3426 


46.4 


- 


•3397 


.3402 


.3414 


.3423 


563 


— 


.3387 


.3412 


•3445 
•3438 


44.7 


— 


.3407 


.3421 


.3426 


•3439 


55-3 


— 


•3366 


•3395 


•3417 


43.4 


— 


•3417 


— 


— 


.3452 


527 


£ 


•3363 


— 


— 


- 


42.3 


- 


•3431 


.3442 


•3457 


.3408 


53.a 




•3362 


•3377 


•3388 

















8«m<MiitAN TaiLct. 



* According to Christiansen. 
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Table 109. 



INDEX OF REFRACTION. 



iBdiOM of Rtfiielin d Litilds nUtMw te Ux. 



Substance. 


Temp. 


Index of refraction for spectnun lines. 




• 

















D 


P 


^ 


H 




Acetone .... 
Almond oil . . . 
Analin* .... 
Aniseed oil . . . 

u u 

• . « 


IO° 

o 

20 

214 

15.1 


1.3626 

4755 

•5993 
.5410 

.5508 


1.3646 
.4782 

.5863 

•5475 
•5572 


1.3694 
.4847 
.6041 

.5647 
•5743 


x-3732 
.6204 


1.6084 


Korten. 
Olds. 

Weegmann. 
Willigen. 
Baden PowelL 


Benzene t .... 

• • ■ . 

Bitter almond oil . 
Bromnaphtalin . . 


10 

21.5 

20 
20 


14983 
.4934 
•539' 
.5495 


1.5029 
•4979 

.6582 


1.5148 
•5095 

.6819 


•5775 
.7041 


".5355 
•5304 

.7289 


Gladstone. 
i< 

Landolt. 
Walter. 


Carbon disulphide t 

•i u 

u u 

M M 

Cassia oil ... . 

«< M 

.... 



20 
10 

19 
10 

22.5 


.6250 
.6189 
.6007 

•5930 


x.6433 
.6276 

.6344 
.6284 

.6104 

.6026 


1.6688 

•6523 
.6592 

^63^ 
.6314 


1.6920 
.6748 


1717s 
•6994 
.7078 
.7010 


Ketteler. 

14 

Gladstone. 
Dufet 
Baden PowelL 

M a 


Chinolin .... 
Chloroform . . . 

u 

■ . . 

M 

... 

Cinnamon oil . . 


20 

10 

30 

20 
23-5 


1.6094 
.4466 

•4437 
.6077 


1.6171 
.4490 

•4397 
.4462 

.6188 


1. 6361 

•4555 

•5525 
.6508 


1.6497 


.4661 
.4561 


Gladstone. 
Gladstone & Dale 

<4 It 

Lorenz. 
Willigen. 


Ether 

..... 
Ethyl alcohol . . 

u u 
ti tt 
tt u 


»5 

15 


10 

20 

15 


^•3554 
•3573 
•3677 
•3636 
•3596 
.3621 


1.3566 

•3594 
•3695 
•3654 
.3614 

•3638 


1.3606 
.3641 

'¥ 


•3773 
•3732 
.3690 


1-3683 
•3713 

•3751 


Gladstone & Dale. 

Kundt. 

Korten. 
It 

<t 
Gladstone & Dale. 


Glycerine .... 
Methyl alcohol . . 
Olive oil ... . 
Rock oil ... . 


20 

15 





1.4706 
.3308 
.4738 
•4345 


x-3326 
.4763 
.4573 


1.4784 
•3362 
.4825 
.4644 


1.4828 


.3421 


Landolt 

Baden PowelL 

Olds, 
ti 


Turpentine oil . . 
It it 

Toluene .... . 
Water§ .... 


10.6 
20.7 
20 
20 


1-4715 
.4692 

.4911 
•33" 


1.4744 
.4721 

•4955 
•3330 


I.4817 

•4793 
.5070 

•3372 


.5170 
.3404 


M939 
.4913 

.3435 


Fraunhofer. 
Willigen. 
Bruhl. 
Meant. 



• Weegmann gives ;t|> 
t Weegmann gives ^^ 



,= 1.S9668— .000518/. Knops gives |i^= 1.61500— .00056/. 
t Weegmann gives ftj^zz 1.51474^^x10665/. Knops gives |t0 = 1.51399 — .000644/. 
X Wailner gives Mc=« -63407 — .00078'; (»^=«.669o8— .00081/; 1*^ = 1. 693 15— -00085/. 
§ Dufet gives /i|>=ri.33y)7— io-» (125/+ »o.6/" — . 000435 ^ — .001 15 /•) between oP am 
ne variation with temperature was found bf Rohlmann, namely, M0= 1-33374 ~ >«~'(«^^' 



same variation with temperature 
SniTNaONIAN TaSLKS 



and 50^; and nearly the 



Tabli 200. 
INDEX OF REFRACTION. 



vnlB wa* Bi**A I9 ^^ ■^ Ango cxprcHiiis the de[ 

i| s t1^ iwlei of nfncticia for lempentturc i, hq for t 
n ot lh( (U Id BiUii 



194 Tables 201 -20a 

MEDIA FOR DETERMINATIONS OF REFRACTIVE INDICES WITH 

THE MICROSCOPE. 

TABLB aoi. -Liqildl, Bd (0.689m) - 1.74 to 1.87. 

In 100 parts of methylene iodide at 20^ C. the number of parts of the various substances in- 
dicated in the following table can be dissolved, forming saturated solutions having the permanent 
refractive indices specified. When ready for use the liquids can be mixed by means of a dropper 
to give intermediate refractions. Commercial iodoform (CHIj) powder is not suitable, but crys- 
tals from a solution of the powder in ether ma.y be used, or the crystalized product may be 
bought. A fragment uf tin in the liquids containmg the Snl4 will prevent discoloration. 



CHI,. 


Sal4. 


Asl,. 


Sbl.. 


S. 


«n, At zeP. 








12 




1.764 




25 
25 




12 




1.783 
1.806 




30 






6 


1.820 




27 


\l 


7 




1.826 


40 


27 






1.842 


35 


31 
31 


14 
16 


8 

8 


10 
10 


\i^ 



TABLB 202. -RMln-llks SntatuoM, b^ (0.689fi) =1.68 to 2.10. 

Piperine, one of the least expensive of the alkaloids, can be obtained very pure in straw-colored 
crystals. When melted it dissolves the tri-iodides of arsenic and antimony very freely. The 
solutions are fluid at slightly above 100^ and when cold, resin-like. A solution containing 3 parts 
antimony iodide to one part of arsenic iodide with var>'ing proportions of piperine is easier to 
manipulate than one containing either iodide alone. The following table gives the necessary data 
concerning the composition and refractive indices for sodium light- In preparing, the constituents, 
in powder of about i mm. grain, should be weighed out and then fusea over, not in, a low flame. 
Three-inch test tubes are suitable. 



Per cent Iodides. 


00. 


10. 


ao. 


30. 


40. 


50. 


60. 


70. 


80. 


Index of refraction 


1.683 


1.700 


1.725 


1.756 


1.794 


1.840 


1.897 


• 

1.968 


2.050 



TABLE 203. -Ptimuoiit Standard BmIhohs Media, t^ (0.688fi) = 1.646 to 1.682. 

Any proportions of piperine and rosin form a homogeneous fusion which cools to a transparent 
resinous mass. The following table shows the refractive indices of various mixtures. On 
account of the strong dispersion of piperine the refractive indices of minerals apparently matched 
with those of mixtures rich in this constituent are 0.005 ^^ ^-O' ^^^ ^^^' '^^ correct this error a 
screen made of a thin film of 7 per cent antimony iodide and 93 per cent piperine should be 
used over the eye-piece. Any amber-colored rosin in lumps is suitable. 



Per cent Rosin. 


00. 


ID. 


ao. 


30. 


40. 


50. 


60. 


70. 


80. 


90. 


100. 


Index of refraction 


1.683 


1.670 


1.657 


1.643 


I.631 


1. 61 8 


1.604 


1.590 


1-575 


X.560 


1.544 

1 



All taken from Merwin, Jour. Wash. Acad, of Sc. 3, p. 35, 1913. 
Smithsonian Tablm. 
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OPTICAL CONSTANTS OF METALS. 
f IIU tlH. 

TiK constants are reqatred (o characteiiie k m«tal opticailj, the refractive index, m, and the 
•orptioii index, i, the latter of which has the following significance : the amplitude of a wave 
xitnvelling one wave-length, Ai measured in the metal, is reduced in the ritio' 1 :e~>*l< or for 
e — ;^j-. for the same wave-length measured in air this ratio becomes i ; e — ti~ 

js called the extinction coefficient. Plane polarized light reflected from a polished 

cbl nrface is in general eltipticallr potarized because of the relative change in phase between 
tttWD rectangular compoacnts vibrating in and perpendicular to the plane of incidence. For a 
ifliin angle, f (principal incidence) the change is 90° and if the plane polarized incident beam 
IS ■ certain azimuth ^ (Principal aiimuth) circularly polarized ught results. Approximately, 
Drade, Annalen der Physik, 36, p. 54& 1S89), 

k=.tani#(i-cotS)"«li'=-Y7|^(i+l«>t*4)- 

For rougher approximation* the factor in parentheses may be omitted. R=^computed pet- 
xnUge reiection. 



Dndt AiMlm in FWfvk und Chnrie, », p. tSi, 1890; 41, p. iW. 1841; 64. p. iw, iSgS, Minor, A 
" "K*- "■ P- (■■' "i^- 1*°lp Phj^iol Review. 31, p. 1, 1910. IngenoU, Attnipbv»le»l Jomul, ■», 
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Tables 206-207. 
OPTICAL CONSTANTS OF METALS. 

TABLBSOe. 



B) 



Metal. 



Al* 
Sb.« 

Bi.tt 

Cd* 

Cr» 

Cb* 

Au.t 



I. crys, 

Ir* 

Fe.S 



Pb* 
Mg* 
Mn* 
Hg. (liq.) 



Pd* 
Pt.t 



Ni* 



0.589 

white 
.589 

•579 

•579 
.257 

.441 
.589 
.589 

•579 
.257 
•441 
.589 
.589 
.589 

•579 
.326 

.441 

.«;8 



•579 
•257 
.441 

.589 
.668 

.275 
.441 

.589 



1.44 

304 
2.26 

I-I3 
2.97 
1.80 

a92 
1. 18 

0.47 

3-34 
2.13 

I.OI 

1.28 
1.51 
2.01 

0.37 
2.49 

0.68 

I.OI 

1.62 
X.72 
1.62 

I.I7 
1.94 

2.63 
2.91 
1.09 
1. 16 

1.30 



k. 



5-32 
4-94 

5.01 

4-85 
2.11 

1. 14 

1.85 

2^3 

0.57 
4.87 

0.88 

1.63 

3-48 
4.42 

3^89 
2.26 

342 
441 
4.70 

3-4' 
1. 6 J 

3.10 

3.66 
1. 16 
1.23 

1-97 



R. 



83 
70 

85 
70 

41 
28 

42 
82 

30 

?l 

28 
3 

93 
64 
66 

74 
75 
77 
65 

37 
58 

59 

59 

24 

25 

43 



I 



Ref. 



2 
I 

3 
3 
4 
4 
4 
4 
3 
4 
4 

4 
I 

X 

3 

4 
4 
4 
4 
3 
4 
4 
4 
4 
4 
4 
4 



Metal. 



Rh.« 
Se.| 



Si.« 



Na. (liq.) 

Ta.* 

Sn.* 

W.» 

V.» 

Zn.* 



A. 



A* 
0.579 

400 

760 

589 

25 

2 

589 
579 
579 
257 
441 



% 



n. 



1.54 

294 
3-12 

2.93 
2.60 

4.18 
367 

3-53 
.004 

2.05 

1.48 

2.76 

3-03 

0:55 

0-93 

»-93 
2.62 



k. 



4.67 
2.31 
1.49 

0.45 

ao6 
0.09 
0.08 
ao8 
2.61 
2.31 

5-25 
2.71 

0.61 

3-19, 
4.66^ 

5-o8 



R. 



78 

44 

35 

25 
20 

38 

33 

31 

99 

44 
82 

49 
58 
20 

73 
74 
73 



1_ 



I 

51 

I 

3 
3 

4 
4 
4 
4 



X = wave-length, n =: ref raction index. 

k = absorption index, R =: reflection. 

(i) Drude,see Table 2oq; (2) Kundt, prism 
used, Ann. der Physik unaChemie, 34^ p. 477» 
36, p. 824, 1889; (3) V. Wartenberg, Verh. 
deutsch. Physik. Ges. 12, p. 105, 1910; (4) 
Meier, Annates der Physik, 10, p. 581, 1903; 
(5) Wood, Phil. Mag. (6). 3, 607, 1902 ; (6) 
Ingersoll, s€€ Table 205. 

* solid, t electrolytic, | prism, § deposited 
as film in vacuo. 











TABLB am.- 


-RtONtlJic Powti ol Mctila. 












Wave- 










h 




• 


• 








• 












length 


• 

< 


• 

Ji 
CO 


•0 
u 


6 


e-5 



• 







2 


i 






{i 


(3 

CO 


^ 


f 


• 

e 


M 


Per cesta. J J 


i 

.8 


^ 


^ 


^ 


. 


22 


^ 


72 


^t 


^ 


76 


34 


38 


^ 


^ 


49 


57 


^ 


mum 


53 
54 


s. 


^ 


24 

25 


^^ 


73 
74 


48 
52 


: 


11 


32 


64 


^ 


^^ 


i 


^ 


^^ 


i.o 


71 


^ 


72 


67 


27 


78 


74 


If 


Vr 


84 


28 


78 


50 


5^ 


61 


80 


2.0 


82 


87 


72 


11 


87 


77 


91 


28 


90 


52 


61 


85 


69 


92 


4.0 


92 


68 


^ 


81 


94 


84 


90 


88 


92 


28 


93 


g 


V 


93 


79 


97 


7.0 


96 


71 


98 


93 


54 


95 


91 


93 


94 


94 


28 


94 


81 


95 


88 


98 


lO.O 


98 


72 


98 


97 


59 


96 


— 


94 


97 


95 


28 


- 


- 


84 


96 


— 


98 


12.0 


98 




99 


97 




96 




95 


97 






95 




85 


96 




99 



Coblentz, Bulletin Bureau of Standards, 2, p. 457, i9o6» 7, p. 197, 1911. The surfaces of some 
of the samples were not perfect so that the corresponain^ values have less weight. The methods 
for polishing the various metals are described in the origmal articles. 
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Tables 208-21 0.-THE REFLECTION OF LIGHT. I97 

ling to Fresnel the amount of light reflected by the surface of a transparent medium 
B)=^'\ ^!".! \' T "^1 + ^^"!!'T^! [ ; i< is the amount polarized in the plane of inci- 

is that polarized perpendicular to this ; 1 and r are the angles of incidence and refraction. 
TJIBLB 208. — Liglit rtOaotsd wliMi i - O^ or fnaHAnX Light Is Moniial to Sutaoo. 



20 

n 

idal 

It,; 

10; 



1.00 

1.02 

1.05 

I.I 

1.2 

1-3 



HA+B) 


M. 


aoo 


1.4 


0.01 


!i 


0.06 


0.23 


*Z 


0.83 


1.8 


1.70 


>.9 



»M+^).I 



2.78 

4.00 

5-33 
6.72 

8.16 
963 



2.0 
2.25 

2-5 
2.75 
3- 
4. 



»M + /»). 



II. II 
14.06 

18.37 
22.89 

25.00 

30.00 



M, 



5*83 

la 
loa 

00 



i(A-^B). 



44.44 
50.00 
66.67 
96.08 
100.00 



TABLB 209. — Llgbt roflootod what n Is noor Unity or oqiials 1 + dn. 



i. 


A. 


B. 


hiA+B), 


A-B^, 

A-\-B 


oP 


1.000 


1.000 


1.000 


0.0 


5 


1.015 


.985 


1.000 


1-5 


10 


1.063 


Ml 


I.OOI 


6.2 


'S 


I.149 


1.005 


M-3 


20 


1.282 


•752 


I.OI7 


26.0 


25 


1.482 


.612 


1.047 


415 


30 


1.778 


.444 


I. Ill 


60.0 


35 


2.221 


.260 


1.240 


79.1 


40 


2.904 


.088 


1.496 


94.5 


45 


4.000 


.000 


2.000 


100.0 


50 


5.857 


.176 


3.016 


94.5 


^ 


9.239 


1.08 1 


5.160 


79.1 


16.000 


4.000 


10.000 


60.0 


65 


3».346 


I2.0C2 


22.149 


41.5 


70 


73.079 


42.884 


57.981 


26.0 


P 


222.85 


167.16 


195.00 


14.3 


80 
85 


1099.85 
17330.64 


i68o8!o8 


10^5-53 
17069.36 


6.2 

>.5 


90 


00 


00 


00 


ao 



TABLB 210. - Light rofliotod whon n - l.U. 

















A — Bm 


/. 


r. 


A. 


B, 


dAA 


dB.i 


i{A+B), 


A+B' 


r 


t 

















0.0 


4.65 


4.6s 


0.130 


0.130 


4.65 


ox> 


5 


3 >3.4 


tz 


4.61 


.131 


.139 


4.65 


Z.O 


10 


6 35.9 


4.47 


.>35 


.xa6 


4.66 


4.0 


>S 


. 936.7 


5.09 


4.a4 


.141 


.lai 


^^ 


9.1 


ao 


xa 44.8 


5.45 


3.9a 


450 


."4 


4.6S 


16.4 


as 


»5 49-3 


5.95 


3.50 


.161 


J05 


4.73 


a5.9 
37.8 


30 


18 49.1 


6.64 


3.00 


.175 


•094 


4.82 


35 


ai 43.« 


7.55 
8.77 


a.40 


.19« 


x>8i 


4-98 


55-7 


40 


a4 30-0 


1.08 


.aio 


.066 


5.26 


66.7 


45 


a7 8.5 


10.38 


.a33 


-049 


5-73 


8i.a 


50 


a9 37. « 


ia.54 


0.46 


.a63 


.oa7 


6.50 


92.9 


55 


3« 54.a 


«5.43 


0.05 


•303 


JO07 


7-74 


^i 


60 


33 58- « 


«9.3S 


0.1a 


.34a 


—.013 


9-73 


65 


35 47.0 


24-69 


1. 13 


.375 


—.03a 


12.91 


9i.a 


70 


37 «9.« 


3«.99 


4.00 


.400 


—•050 


i8x)o 


77-7 
61.8 


75 


38 sa.Q 

39 36J 


43XX> 


10.38 


.410 


~".o6o 


26.19 


80 


55.74 


a3-34 


.370 


-.069 


39 54 


41.0 


82 30 


39 45-9 


64.41 


34.04 


.330 


-.067 


49.2a 


30.8 


85 


39 59.6 


74.5a 


49.03 


JSO 


—.061 


61.77 


ao.6 


86 


40 3.6 


79.02 


56.6a 


.ao9 


—.055 


67.8a 


16.5 


87 


40 6.7 


83.80 


65. 3 a 


.163 


—.046 


74-56 
8a. 10 


ia.4 


88 • 


40 8.9 


88.88 


75-3 » 


.118 


—.036 


8.3 


89 


40 xo.a 


94.28 


86.79 


.063 


—.02a 


90.54 


4-« 


90 


40 ia7 


100.00 


100.00 


dOOO 


~".000 


100.00 


0.0 



Angle of total polarixatioa=57^ lo'.], A = 16.99. 

. ' This oolttinn givm the deforce of polariiation 1 Columns 5 and 6 famish a means of 

Ktennining A ami B for other ralues of h. They represent the diange in these quantities for a change of m of OdOi« 

Taken from E. C. Pickering'B " AppUcatioos of Frasael's Formula for the Reflection of Light.'* 
SarrNaoNiAN Tablks. 
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Tables 211-212. 
REFLECTING POWER OF METALS. 

VABLB aiX. — Pliptll41iWlar lartflinot and RtfUctten. (See alw Tables 904-M7.) 





The numbers 


give the per 


cents of the incident radiation reflected. 


J 


• 

4. 

m 

1 

•> 

> 

• 


1 
1 


1 

I 

V 


It 

s 


It 

n 

Si 

it 


1.- 

fi 
§+ 

k 


If 

1 


1 

1 


J 


• 

1 

It 

J 


1 

-1 

1 


t 
ID 


<>< 

CQ 1 


11 


:l& 




. 


67.0 


35-8 


29.9 


37-8 


^ 


32.9 


25.9 


r 


38^ 


^ 


34-1 1 


— 


— 


70.6 


37.1 


37.7 


42.7 


— 


35-0 


24.3 


34.0 


- 


21^ n 


.305 
.310 


— 


— 


72.2 


37-2 


41.7 


44.2 


— 


37.2 


25-3 


39-8 


3i-8 


— 


^^ 1 


— 


— 


— 


- 


— 


— 


— 


- 


— 


— 


— 


— 


4^ II 


.326 


— 


- 


75-5 


39-3 


— 


4|.2 

46.15 
48.8 


— 


40.3 


24.9 


414 


28.6 


— 


14^ 1 


•338 


— 


— 


— 


— 


— 


— 


-" 


— 


— 


— 


— 


55-5 1 


•357 


- 


— 


81.2 


43-3 


51.0 


— 


^5-2 


%i 


43-4 


27.9 


— 


Z^^ 1 


•38s 


^ 




83.9 
83.3 


44.3 
47.2 


53-1 


49.6 


" 


47.8 


45-4 


27.1 


^^ 


1 


420 


M 


56.4 
60.0 


56.6 


i_ 


51-9 


32.7 


51.8 


29.3 


_ 


86w6 


450 


85.7 


72.8 


83.4 


49-2 


59-4 


48.8 


54.4 


37.0 


517 


331 


- 


90-5 1 


.500 


86.6 


70.9 


83.3 


49.3 


63.2 


60.8 


53-3 


54.8 


43-7 


58.4 

OI.I 


47.0 


- 


91-3 1 


•SSo 
.000 


88.2 


71.2 


82.7 


48.3 


64.0 


62.6 


59-5 
83s 


549 


47-7 


74.0 


— 


92.7 * 


88.1 


69.9 


83.0 


475 


643 


64.9 


55-4 


71.8 


64.2 


84.4 


— 


92.6 


.650 


S9-] 


7'-5 


82.7 


S'-5 


65.4 
6d8 


66.6 


89.0 


564 


80.0 


66.5 


88.9 


- 


94.7 


.700 


89.6 


72.8 


833 


54.9 


68.8 


90.7 


57.6 

58.0 
63.1 


83.1 


69.0 


92.3 


^m 


95-4 

111 


.800 


. 


84.3 


^H 


« 


69.6 


_ 


88.6 


70.3 


94.9 


^^ 


96.8 


I.O 


- 


— 


84.1 


69.8 


70.5 


72.0 


— 


90.1 


72.9 


— 


% 


97.0 


'5 


- 


— 


85.1 
86.7 


Z^' 


75.0 


78.6 


- 


70.8 


93.8 


77-7 


^l 


— 


9S.2 


2.0 
30 


M 


. 


82.3 

85.4 


80.4 
86.2 


88.7 


_ 


76.7 

§3-2 


955 
97.1 


80.6 
88.8 


91.0 

93-7 


97-8 
98.1 


4.0 


- 


- 


88.7 


87.1 


88.5 


91.1 


- 


87.8 


97.3 


91.5 


96.9 


95-7 


98,5 


5.0 


- 


- 


89.0 


Sz-? 


89.1 


94-4 


- 


89.0 


97-9 


93-5 


97.0 


95-9 


98.1 


7.0 


- 


- 


90.0 


88.6 


90.1 


94-3 
95.6 


- 


92.9 


^'^ 


95-5 


98.3 


97.0 


95-5 


9.0 


-" 


— 


90.6 


90.3 


92.2 


- 


92.9 


98.4 


95-4 


98.0 


97.8 


95-7 


1 1.0 


- 


— 


90.7 


90.2 


92.9 


95-9 


— 


94.0 


98.4 


95.6 
96.4 


98.3 


96.6 


98.8 


14.0 






92.2 


90.3 


93.6 


97.2 




96.0 


97.9 


97.9 




98.3 



Based upon the work of Ha^en and Rubens, Ann. der Phvs. (i) 352, 1900; (8) i, 190a; (iz) 873, 1903. 
Taken partly from Landolt-Bdmstein-Meyerhoffer's Physikalisch-chemiache Tabellen. 



TABLB ai2. — Ptzosntte DlfluM ReflaotioB Irom Ml80«lUuie«iui Sutettnoei. 



Wave- 


Lamp-blacks, 


•5^—' 


* 

1 


• 

•0 


• 




• 


• 

s 


• 


• 


^ 


• 










u 


length 


a 
'S 

CM 


■ 

.5 


as 



< 




E 

c3 




c 


8 
52- 


•0 

■g 

• 

< 
84. 




89. 


1 

IS- 


> 
1 
1.8 


1 

14. 


1 
Pi 

30- 


*.6o 


3-2 






*s- 


82. 




••95 


3-4 


1.3 


I.I 


0.6 


1-3 


I.I 






88. 


86. 


75- 


93- 






21. 




44 


3-2 


1-3 


•9 


.8 


1.2 


14 




51- 


21. 


8. 


18. 


29. 




3-7 






8.8 


3.8 




1-3 


1.2 


1.6 


2.1 




26. 


2. 


3- 


5- 


II. 




2.7 




12. 


24.0 


4.4 


3-0 


4.0 


2.1 


5-7 


4.2 




10. 


6. 


5- 




7. 








■ 



*Not monochronutic (max.) means from CoblenU, J. Franklin Inst. 191a. Bulletin Bureau of Standards^ 9, p. a83f 
19121 contains many other materials. 

Smithsonian Tables. 



Tablks 213-215. 
TRAN8MI88IBILITY OF RADIATION BY JENA QLA8SE8. 
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TABLB aiS. 
efficrientSy a, in the formula /$ » /oo*, where /q is the Intensity before, and A after, transmission 
broush the thickness /, expressed in centimeters. Deduced from observations by MilUer, 
fogpU and Rubens as quoted in HovesUdt's Jena Glass (English translation). 



Type of Glaat. 



A = 



> 540, Ord. li^ht flint 
3 I02, HNrj silicate flint 
^ 93» Ord. •* ** 
5 203, •• «* crown 

^S9^» (Crown) 



A = 



S 2C>4« Borate crown 

S 179, Med. phosp. cr. 

O 1 143, Dense, bor. sil. cr. 

O 1092* Crown 

Oil 51, " 

O 451, Light flint 

O 469, Heavy 

O500. " 

S163, - 



M 
(4 



Coefficient of trmnimi»aion, a. 



•375 M 



.388 
.583 



390M 


.400 M 


•434 M 


•436 m 


.456 


.614 


•569 


.680 


.025 


463 


.502 


.566 


•583 


.695 


.667 


U 


■■ 


^ 


^ 


•797 



.455 M 



•834 
.663 

.807 

.822 

.770 



•477 M 



.880 
.700 

.860 
•771 



.503** 



.880 
.782 
.871 
.872 
.776 



.580/1 



.878 
.828 
.903 
.872 
.818 



.677 H. 



•939 
•794 
•943 
>3 



■IBBB 
0.7/1 



1.00 

.98 

•98 
1.00 
1. 00 
1. 00 
1.00 



0.95 M 



.96 



I.I ft 



94 
95 
97 
95 
99 



00 
98 



1.4/1 



•90 
.90 

•99 
•99 



1.7/* 



•is 

.84 
•95 



.98 

•99 
1. 00 

•99 



3.0/1 



.81 
•67 
•93 
.91 
•94 



3.3 M 



.69 

A9 



•90 

.92 

.98 

1. 00 

•99 



3-5 M 



.84 

•71 

.79 
.84 

•97 
•99 



«.7li 



.71 
60 

■u 

.90 
.92 

•94 



3.9 M 



.18 

.48 

•45 
!66 



3««M 



.27 
.29 

•32 

•34 
.50 

3 

o 



i 



TABLB 214. 
lote : With the following data, / must be expressed in millimeters ; L e. the figures as given 

give the transmissions for thickness of i mm. 



No. and Type of GlaM. 


Wave-]ength in /i. 1 


Visible Spectrum. 


UUim>Tio]et Spectrum. 1 


.644/* 

•35 
•94 

•7f 

•9§ 
.98 

1.0 
•17 

.99 


•578/* 

•35 

•05 

•39 

•97 

•97 
1.0 

.50 
.72 


.546/1 

•37 
.47 

.1^ 

1.0 
•99 


•5091* 
05 

il 

•93 

J62 
.18 

•15 
•96 


.480/1 

.34 

45 

.09 
44 

•74 
•44 
•50 

•44 
.11 

•95 


.436/1 

•30 

•43 

.15 
.40 

•73 

•65 
.96 


•405** 

.«5 
•43 

.31 
•69 

1.0 
1.0 

•99 


.384 M 
.06 

.28 
.59 

1.0 
I.O 

•99 


.361 /I 

.22 
.36 

I.o 
I.o 

.89 


.340/1 

.18 

.10 
I.o 

1.0 

•89 


■33a /I 


•309/1 


.aSo/i 
.18 


F3815 Dark neutral 
F4512 Red filter 
F2745 Copper ruby 
F4313 Dark yellow 
F4351 Yellow 
F4937 Bright yellow 
F4930 Green filter 
F3873 Blue filter 
F3654 Cobalt glass, 

transparent for outer 

red 

F 3653 Blue, ultraviolet 
F 37 3 Didymium, str'g 

bands 


.14 

I.o 
I.o 

.77 


.06 

t 

•54 



This and the following table are uken from Jenaer Glas fiir die Optik, Liste 751, 1909 
TABLB ai5. - TxanimlsiifelUty liy Jtna Ultra-violet Olassaik 



Kob and Type of Glass. 


Thickness, 


0.39711 


OiS83/i 


0.361 /I 


0.346/1 


0.335/4 


0.309/1 


0.330/A 


UV 3199 Ultra-violet 


I mm. 


1.00 


1. 00 


1. 00 


1. 00 


I.OO 


0.95 


0.56 


2 mm. 


0.99 


0.99 


a99 


0.97 


0.90 


0.57 




U M 


I dm. 


0.95 


0.95 


a89 


0.70 


0^36 






UV3248 


T mm. 


1. 00 


1.00 


1.00 


1. 00 


0.98 


0.91 


0.35 


H M 


2 mm. 


0.98 


0.98 

a87 


0.98 


0.92 


0.78 


0.38 




• ■ 


I dm. 


0.96 


0.79 


0.45 


0.08 
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Table 216. 

TRAN8MI88IB1LITY OF RADIATION. 

TiammlMllilltty ol tlM Vazlou 8«talaM« of TiUm 166 to lT8b 

Alum : Ordinary alum (crystal) absorbs the infra-red. 
Metallic reflection at 9.05/* and 30 to 40/i. 

Rock-salt : Rubens and Trowbridge (Wied. Ann. 65, 1898) give the following transparencies for 
a r cm. thick plate in % : 



1 



% 


9 


10 


12 


'3 


14 


»S 


16 


17 


18 


«9 


20.7 


23.7;* 


99.5 


99.5 


99.3 


97.6 


931 


84.6 


66.1 


51.6 


27-5 


9.6 


0^ 


0. 



Pfliiger (Phys. Zt. 5. 1904) gives the following for the ultra-violet, same thickness : 28o|ifft,95.5%; 

23'. 86%; 210.77%; 186,70%. 
Metallic reflection at o.iio/i, 0.156, 51.2, and 87/K. 

Sylvine : Transparency of a i cm. thick plate (Tro'Wbridge, Wied. Ann. 60^ 1897). 



X 

% 


9 


10 


II 


12 


'3 


M 


»5 


16 


»7 
92. 


18 

86. 


19 


2a7 


23-71^ 


100. 


98.8 


99.0 


99-5 


99-5 


97.5 


95-4 


93-6 


76. 


58- 


«5- 



Metallic reflection at 0.114^ 0.161, 61. i, too. 

Fluorite : Very transparent for the ultra-violet nearly to o.i^ 
Rubens and Trowbridge give the following for a i cm. plate (Wied. Ann. 60, 1897) : 



X 


8a. 


9 


10 


11 


I2A& 


% 


84.4 


54.3 


16.4 


ix> 






Metallic reflection at 24/i, 31.6, 40^1. 

Iceland Spar: Merritt (Wied Ann. 55, 1895) gives ^^^ following values of il in the formula 
i= ioC-" (d in cm.): 
For the ordinary ray : 



X 


1.02 


1.45 


1.72 


2.07 


2.II 


2.30 


2.44 


2-53 


2.60 


2.65 


2.74M 


Jk 


0.0 


0.0 


0.03 


0.13 


0.74 


1.9a 


3.00 


1.92 


1.21 


1.74 


2.36 



X 


2.83 


2.90 


2.95 3-04 


3-30 


3.47 


3.62 


380 


398 


4.35 


4.52 


4^3^ 


1-32 


0.70 


1.80 


4.71 


22.7 


19.4 


9.6 


18.6 


00 


6.6 


14.3 


6.1 



For the extraordinary ray : 


















X 

Jk 


2.49 


2.87 
0.08 


300 


3.28 


3.38 


3-59 


3-76 


390 


4.02 


4.41 


4.67M 


0.14 


0-43 


'•32 


0.89 


1.79 


2.04 


1.17 


0.89 


1.07 


2.40 



X 


4.91 


5.04 


5.34 


5-50/» 
12.8 


k 


1.25 


2.»3 


4.41 



Quartz : Very transparent to the ultra-violet ; Pfluger gets the following transmission values for 
a plate i cm. thick : at 0.222/ii, 94-2%; 0.214, 92 ; 0.203, 83.6; 0.186, 67.2%. 
Merritt (Wied. Ann. 55, 1895) gives the following values for Jk (see formula under Iceland Spar) : 
For the ordinary ray : 



2.72 2.83 



0.20 0.47 



2.9s 



0.57 



307 



0.31 



3-»7 



0.20 



308 
0.15 



367 



1.26 



382 



1.61 



396 



2.04 



4.12 



3-4» 



4.50^ 



730 





For the extraordinary 


ray: 


















X 

Jk 


2.74 


2.89 


3.00 


308 


3.26 


M3 


352 


3-59 


364 


374 
1.62 


3-91 
2.22 


4.19 
3-35 


4.36/i 


0.0 


O.II 


0-33 


0.26 


0.1 1 


0.51 


0.76 


1.88 


1.83 


8 


.0 



For X>7 M* becomes opaque, metallic reflection at 8.50^1, 9.02, 20.75-24.4j1, then trans- 
parent again. 
The 
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parent again. 

The above are taken from Kayaer*t ** Handboch der Spectroecopie," toI. iii 



Tables 217-218. 

TRAN8MI88IBILITY OF RADIATION. 

TjIBLB ai7. ~ Odor SeroaBB. 



20 1 



The following light-filters are quoted from Landolt's '' Das optische Drehungsvenndgen, etc. ' 1898. 
Although only the potassium salt does not keep well it is perhaps safer to use freshly prepared 
solutions. 



Cok>r. 


Thick- 
ness, 
mill* 


Water solutktns of 


Grammes of 
subeunce 


Optical cen- 
tre of band. 
M 


Ttanfliniaaion. 


Red 

4« 

Yellow 
«• 

Green 

u 

Bright { 
blue I 

Dark i 
blue i 


20 
20 
20 

15 

IS 

20 
20 
20 
20 
20 
20 


Crystal-violet, 5BO 
Potassium monochromate 
Nickel-sulphate, NiS04.7aq. 
Potassium monochromate 
Potassium permanganate 
Copper chloride, CuCl2.2aq. 
Potassium monochromate 
Double-green, SF 
Copper.«ulphate, CuS04.5aq. 
Crystal-violet, 5 BO 
Copper sulphate, CuS04.5aq. 


0.005 
10. 

30- 

la* 

0.025 
60. 
10. 

0.02 

IS- 
0.005 

IS- 


0.6659 
0.5919 

0-S330 
0.4885 

0.4482 


i begins about 0.718/i. 
1 ends sharp at 0.639/A. 

0.614-0.574/i, 

0.540-0.505/4 

J 0.526-0.494 and 
] 0.494-0.458/4 

a478-o^io/4 



TABLE 218. - Oolor SorssBi. 

The following list is condensed from Wood's Physical Optics : 

Methyl violet, 4R' (Berlin Anilin Fabrik) very dilute, and nitroso-dimethyl-aniline transmits 0.365/4. 

Methyl violet -{- chinin-sulphate (separate solutions), the violet solution made strong enough to 

blot out 0.4359/4, transmits 0.4047 and 0.4048, also faintly 0.3984. 
Cobalt glass -f- aesculin solution transmits 0.4359/4. 
Guinea green B extra (Berlin) -|- chinin sulphate transmits 0.4916/4. 
Neptune green (Bayer, Elberfeld) -f- chrysoidine. Dilute the latter enough to just transmit a5790 

and 0.5461 ; then add the Neptune green until the yellow lines disappear. 
Chrysoidine -j- eosine transmits 0.5790/4. The former should be dilute and the eosine added until 

the green line disappears. 
Silver chemically deposited on a quartz plate is practically opaque except to the ultra-violet region 

a3 1 60-0.3260 where 90% of the energy passes through. The film should be of such thickness 

that a window backed by a brilliantly lighted sky is barely visible. 
In the following those marked with a * are transparent to a more or less degree to the ultra-violet: 

* Cobalt chloride: solution in water, — absorbs o. 50-. 53/4; addition of CaCIs widens the band to 
0.47-. 50. It is exceedingly transparent to the ultra-violet down to 0.20. If dissolved in methyl 
alcohol -f- water, absorbs 0.50-.53 and everything below 0.35. In methyl alcohol alone 0485- 
a555 and below 040/1. 

Copper chForide : in ethyl alcohol absorbs above 0.585 and below 0.535 > "^ alcohol -f- 50% water, 

above 0.595 and below 0.37/4. 
Neodymium salts are useful combined with other media, sharpening the edges of the absorption 

bands. In solution with bichromate of potash, transmits o.^35-.565 and above 0.60/4, the bands 

very sharp (a u.seful screen for photographing with a visually corrected objective). 
Praesodymtum salts : three strong bands at 0.482, .468, .444. In strong solutions they fuse into a 

sharp band at 0.435-.485/4. Absorption below 0.34. 
Picric acid absorbs 0.36-.42/4, depending on the concentration. 
Potassium chromate absorbs 0.40-.35, 0.30-.24, transmits 0.23/4. 

* Potassium permanganate: alsorbso.555-.50, transmits all the ultra-violet. 

Chromium chloride : absorbs above 0.57, between a 50 and .39, and below 0.33/4. These limits 

vary with the concentration. 
Aesculin : absorbs below 0.363/4, very useful for removing the ultra-violet. 

* Nitroso.^imethyl-aniline : very dilute aqueous solution absorbs 0.49-.37 and transmits all the 
nltra-violet. 

Very dense cobalt glass -{- dense ruby glass or a strong potassium bichromate solution cuts off 

everything below 0.70 and transmits freely the red. 
Iodine': saturated solution in CS2 is opaque to the visible and transparent to the infra-red. 

tmriMMiiAii Tables. 
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Tables 219, 219a. 

TRAN8MI88IBIUTY OF RADIATION. 
TABLB 219. —Odor Sonni. Jtit OliiMM 



I 
la 



2a 



4 
4a 

4b 



7 
8 

10 

II 

12 

14 



Kind of Glass. 



Coppcr-ruby . 
Gold-ruby . . 

Uranium . . 



It 



Nickel . 
Chromium 



i< 



Green copper , 
Chromium . . 
Copper chromium 
Green-filter . 

U II 

Copper . . . 
Blue-violet 



Cobalt . 

Nickel . 

Violet . 

Gray . . 



Maker's 

No. 



2728 
459" 



454 



m 



in 



455 



440^ 



Color. 



Deep red 
Red . 



m 
m 
in 
lu 



414 

433 

431 

432 

436"' 

437"' 

43^'" 
2742 

447"^ 



u 



424"' 

450^" 
4521II 

444*" 
445'" 



Bright yellow . . . 

i Bright yellow, fluo- 
( rescea. 

Bright yellow-brown 

Yellow-green . . . 
Greenish-yellow . . 

Green 

Yellow-green . . . 
Grass>green . . . 
Dark green . . . . 



II 



Blue, as CUSO4 . . 
Blue, as cobalt glass 



•4 



M 



Blue . . 
Dark violet 



It 



14 



(Gra^, no recog- 1 
nizable color ) 



Region Transmitted. 



Thkk- 



Only red to 0.6^ 

)Red, yellow ; in thin layers also 
blue and violet. 
fRed, yellow, green to £b; in ) 
thin layer also blue ) 

{ Red, yellow, green (weakened), ) 
I blue (very weakened) ) 

Yellowish-green 

Red, green; from 0.65-. 50^ . . . 

Green, yellow, some red and blue . 

Yellowish-green, some red . . . 

vxTeen ■•.•**.«•• 

Green (in thin sheets some blue) . 

Green 

Green, blue, violet 

Blue, violet 

( Blue, violet, blue-green (weak- 1 
) ened), no red J 

Blue, violet, extreme red . • . . 

Violet (G-H), extreme red . . . 

Violet (G-H), some weakened . . 

All parts of the spectrum weakened 



1-7 



Id 



II. 

la 

5- 

2-3 
2-5 
5- 
5- 

5-12 
S 

0.1^ 

0.1-3 



See " Cber FarbglHser fiir wissenschaftliche und technische Zwecke," by Zsigmondy, Z. fiir In- 
strumentenkunde, 21, 1901 (from which the above table is taken), and ** Ober Jenenser Licht- 
filter," by Grebe, same volume. 
(The following notes arc quoted from Everett's translation of the above in the English edition oC 

Hovestadt's " Jena Glass.") 
Division of the spectrum into complementary colors : 

1st by 2728 (deep red) and 2742 (bluei like copper sulphate). 
2nd by 454"* (bright vellow) and 447*° (blue, like cobalt glass). 
3rd by 433'" (greenisn-yellow) and 424"* (blue). 
Thicknesses necessary in above: 2728, 1.6- 1.7 mm.; 2742, 5; 454™, 16; 447™i 1.5-a.O; 433™i 
2.5-3. J ; 424°S Zram. 
Three-fold division into red, green and blue (with violet) : 
2728, 1.7 mm. ; 414*", 10 mm.; 447*". 1.5 mm., or by 
2728, 1.7 mm. ; 436"*, 2.6 mm. ; 447 , 1.8 mm. 
Grebe found the three following glasses specially suited for the additive methods of three-color 
projection : 

2745, red ; 438™, green ; 447*", blue violet ; 
corresponding closely to Young's three elementary color sensations. 
Most of the Jena glasses can be supplied to order, but the absorption bands vary somewhat in 

different meltings. 
See also "Atlas of Absorption Spectra,*' Uhler and Wood, Carnegie Institution Publications, 1907. 

TABLB ai9t. - Wtt«r. 

Values of a in I = lo e *^, d in c. m. Iq; I, intensity before and after transmission. 



Wave-length fi. 


.186 


•193 
.0165 


.200 


.210 


.220 


.230 


.240 


.260 


•300 


.415 


a 


.0688 


.009 


.0061 


.0057 


.0034 


.0032 


.0025 


.0015 


.00035 


Wave-length /i, 


•430 


.450 


.487 


.500 


.550 


.600 


.650 


.779 


.865 


•945 


a 


.00023 


.0002 


.0001 


.0002 


.0003 


.0016 


.0025 


.272 


.296 


.538 



First o; Kreusler, Drud. Ann. 6, 1901,; next Ewan, Proc R. Soc. 57, 1894, Aschkinass, Wied Ann. 55, 1895; last 3, 

Nichols, Phys. Rev. 1,1. ... , « 

See Rubens, Ladenburg. Verh. D. Phys. Ges. 1911, for exUncUon ooefs., reflective power and index of refraction, i M 

to 18 fi. 
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220, 221 .- ROTATION OF PLANE OF POLARIZED LIGHT. 
TABLB SIO. — Taitulo Aoli ; OtB^kor ; SaataBln; Santoilo Aold; Oant Sugar. 

ple« are here nven showing the e£Eect of wave-length on the rotation of the plane of polarization. 



The 
totttionB are for a thickness of one dedmeter of the solution. The examples are quoted from Landolt & Bdm- 
Miik*B "Phys. Cbeas. Tab." The following symbols are used :» 

/:=iMunber gnuns of the sctiTe substance in 100 grams of the solution. 

tf= " •* solvent " " •• 

f= " " acuve •• "cubic centimeter" 

U|pit-1iaBded rotation is marked +f left-handed — •. 



line of 


Wave-length 
according to 
Angstrom in 
CDS. Xio^. 


Tartaric add,* CuHaOf, 

diasiilved in water. 

^=50 to 95, 

temp. = a4«^ C 


Camphor,* C,ftH«0, 

dissolved in alcohol. 

^ = 50 to 95, 

temp. ~- 22.9-^ C 


Santonin ,t CuHiaOj, 

dissolved in chloroform. 

y = 75 t0 96.q. 

temp. = ao° C. 


B 
C 
D 
£ 

bi 
bs 

F 

e 


68.67 
65.62 

5S.92 
52.69 

5'-83 
51.72 

48.61 
43^3 


+ 2**.748 + 0.09446 q 
+ 1-9504-0.13030^ 
+ 0.153 + 0.17514^ 

— a832 + ai9i47^ 

— 3598 + 0.23977 q 

— 9.657 + 0.31437^ 


38®. 549 — 0.0852 f 
51.945 — 0.0964^ 

74.33'- 0.1343^ 

79-348 — 0.1451^ 

99.601 — 0.1912^ 

149.696 — 0.2346 y 


— 140^.1 +0.2085^ 

-149.3 +0.1555^ 

— 202.7 -f- 0.3086^ 

— 285.6 +o.582oJr 

— 302.38 + 0.6557 q 

— 365-55 + 0.8284^ 

— 534-98 +1.5240^ 






Santonin.t CuHigOs, « 
dissolved in alcohoL 
c=: 1.78a. 
temp. = ao<'C. 


Santonin,! CuH,«Os, 


Santonic add,t 

C,.,H„04, 

dissolved m 

chloroform. 

r = 37. 192. 

temp. = ao° C. 


Cane sunr,| 

C„HaOi,, 

dissolved in 

water. 

/ r= 10 to 30. 


dissolved in 
alcohol. 

f = 4.046. 

temp.= 

ao°C. 


dissolved in 
chloroform 

f=3-«-3o.S. 

temp. — 

ao^C. 


B 
C 
D 
E 

bi 

' b, 

F 

e 
G 

g 


68.67 
65.62 
58.92 
52.69 

51-83 

4S.61 

4>83 
43-07 
42.26 


— iia4® 

— 118.8 

— 161.0 

— 222.6 

— 237.1 

— 261.7 

— 3800 


4420 

99' 
'053 

'323 
2011 

2381 


484° 
549 

1148 

'444 
2201 

2610 


-49° 

— 57 

— 74 

— 105 

— 112 

— '37 
'97 

— 230 


47^.56 
52.70 

60.41 

84.56 

87.88 
101.18 

131.96 


• Aradtsen, " Ann. Chim. Phys." (3) 54, 1858. 
t Narini, *' R. Ace dei UnceiV* (3) 13. tSSi. 
t Stefan, ** Sitsb. d. Wien. Akad.^' 5a, 1865. 



TIBLB Sai. — Sodlvm OlOorttt; Qnirti. 



chknate (Guye, C R. 108, 1889). 



Wat 

length. 



71.769 
67.889 

65x>73 

59.085 

53-233 
48.912 

45-532 

42^34 

40.714 
38412 

37-252 

35-S18 

35-931 

32-341 

30^5 
30918 

28.270 
«5^38 



Tenp. 
C. 



.. 



15^.0 

20.6 
18.3 
16.0 
11.9 

lai 

14.5 

13-3 
14.0 

ia7 

12.9 

1 2.1 

1 1.9 

'3-J 
12.8 

12.2 

11.6 



Rotation 
per mm. 



2<».o68 
2.318 

2.599 
3.104 
3.841 

4.587 
5.33« 

6.754 
7.654 

8.100 

8.861 

9.801 

10.787 
11.921 

12.424 

13.426 

14.965 



Quartz (Soret & Sarasin, Arch, de Gen. i88a, or C. R. 95, i88a).* 



Spec- 
trum 
Une. 



A 

a 
B 

C 

Dl 

!>• 

E 
F 
G 

h 

H 

K 

L 
M 



Wave- 
length. 



76.04 

71.836 

68.671 

615 621 
58951 
58.891 

52.691 
48.607 
43.072 

41.012 
39.681 

39-333 

38.196 
37.262 



Rotation 
per mm. 



120.668 
14.304 
'5-746 

17.318 
21.684 
21.727 

27.543 

32-773 
42.604 

47.481 

5'.'93 
52-' 55 

58.894 



Spec- 
trum 
line. 



1 



Cd» 
N 

Cdio 
O 

Cdu 
P 

Q 

Cdi, 

R 

Cdi7 
Cdia 

Cd28 
Cd24 

Cdufi 
CdM 



Wave- 
length. 



\ 



36.090 
35-8'8 

34.65s 
34.406 

34-015 
33.600 

32.858 
32-470 

3'-798 
27.467 

25.7 '3 
23.125 

22.645 

21-935 
21,431 



Rotation 
per mm. 



6^.628 
64.459 
69.454 
70.587 



72.448 
7457' 

8.579 
0.459 



I 



\ 



84.972 
121.052 
143.266 
190.426 

201.824 
220.731 



L 



^iS:eeiJXS^ 



flVMI 



a nsper by Ketteler fn " Wied. Ann." vol 
fsAws for the ultn vioJet sun, and Comu*a 



, 21, p. AA4- '^« -wvie-VTv^* w^ \s» 
values ioc \\ie cadmvanxVu&^A* 
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Tablk 222. 
NEWTON'S RINQ8. 
VtwtoB'i Tattlt of Oolani 



The fonowixig table gives the thickness in millionths of an inch, accordine to Newton, of a plate of air, mter.nd 
glass corresponding to the different colors in successive rings commonly called colors of the first, aeoood, tuid, 
etc, orders. 



la 



I. 



II. 



III. 



Color for re- 
flected light. 



Very black 
Black . . 
Beginning 
of black . 
Blue . . 

White . . 

Yellow . . 
Orange 

Red . . . 

Violet . . 

Indigo . . 

Blue . . 

Green . . 

Yellow . . 
Orange 
Bright red 

Scarlet . . 

Purple . . 

Indigo . . 

Blue . . 

Green . . 



Color for 

transmitted 

light. 



White . 



Yellowish 

red . . 

Black . . 

Violet . 

Blue . . 

White . 

Yellow . 

Red . . 

Violet . 

Blue . . 



Green 

Yellow 
Red . 



Thickness in 

millionths of an 

inch for — 



.6 

< 



0.5 
1.0 

2.0 

2.4 

5-2 
7-1 
8.0 

9.0 

11.2 
12.8 
14.0 

16.3 
17.2 
18.2 
19.7 

21.0 
21. 1 
23.2 
25.2 



t 

*rf 

$ 



a4 
0.7s 

1.8 
3-9 

6.0 
6.7 

9,6 
10.5 

"•3 
12.2 

13.0 

>37 
14.7 

17.6 

17.5 
18.6 



• 

s 

5 



0.2 
0.9 

1-3 

1-5 
34 
4.6 
4.2 
5.8 

7.2 
8.4 
9.0 

9-7 
10.4 

1 1.3 

1 1.8 

12.7 

'3-5 
14.2 

16.2 



IV. 



V. 



VI. 



VII. 



Color for re- 
flected light. 



Yellow . . 

Red . . . 
Bluish red 

Bluish 

green . 
Green . . 
Yellowish 

green 
Red . . . 



Greenish 
blue . 
Red. . 

Greenish 
blue . 
Red. . 

Greenish 
blue . 

Reddish 
white 



Color 

for trans- 

milted 

light. 



Bluish 
green 



Red . 

Bluish 
green 

Red . 



Thickness in 

millionths of ai 

inch for — 



27.1 
29.0 
32.0 



24.0 

35-3 
36.0 

40.3 

46.0 
52.5 



f 
6 c 



7 
5.0 



72.0 
71.0 



20.3 
21.7 
24.0 



255 
2a 5 

27.0 

30.2 



34.5 
39-4 



46 
48.7 



53-2 
577 



i 



18.7 

2a7 



22.0 
22.7 

23.2 

2do 



39-7 
34-0 



38X) 
42.0 

45.8 
494 



The above table has been several times revised both as to the colors and the numerical 
values. Professors Reinold and Rucker, in their investigations on the measurement of the 
thickness of soap films, found it necessary to make new determinations. They give a shorter 
series of colors, as they found difficulty in distinguishing slight differences of shade, but 
divide each color into ten parts and tabulate the variation of thickness in terms of the tenth 
of a color band. The position in the band at which the thickness is given and the order of 
color are indicated by numerical subscripts. For example : Ri c indicates the red of the first 
order and the fifth tenth from the ed^e furthest from the red edge of the spectrum. The 
thicknesses are in millionths of a centimeter. 



I. 
II. 



III. 



Color. 



Red* . 

Violet . 
Blue . . 
Green . 
Yellow • 
Orange * 
Red , . 

Purple . 
Blue . . 
Blue* . 
Green . 
Yellow • 



Posi- 


l-hick- 


u 


tion. 


ness. 


1 


Rl 5 


28.4 




V26 


30-5 




B2 6 


35-3 




G2 5 


40.9 


IV. 


Y2 s 


454 




O2B 


491 




R25 


52.2 




P3 8 


55-9 




Ks 


60.3 
65.6 


V. 


Ps ft 




Os ft 




Y»ft 


71.0 





Color. 



Red* . 
Bluish 
red*. 

Green . 

it 

Yellow * 

green* 

Red* . 

Green . 
Green * . 
Red . . 
Red* . 



Posi- 
tion. 



Rft ft 

BRb ft 

G4 
G4 

YG^ft 
R4 ft 

Gft 

Gft 6 

R« 
Rftfi 



Thick- 
ness. 



76.5 

81.5 

84.1 
893 

96.4 
105.2 

1 1 1.9 
1 18.8 
126.0 

133-5 



VI. 



VII. 



VIII. 



Color. 



Green . 
Green* 
Red . . 
Red* . 

Green . 
Green * . 
Red . . 
Red* . 

Green . 
Red . . 



Posi- 
tion. 



G« 
G« ft 

Reo 
R«ft 

G7 

G7 c 

R7 
R7 5 

Gg 
Ra 



Thick- 



I41.O 

1479 
ic^g 

162.7 

170.5 
178.7 
186.9 
193.6 

200.4 
211.5 



* The colors marked are tho tame as the corresponding colors in Newton's table. 
•MITNtONlAN TaILCS. 



T«" 223. 20S 

CONDUCTIVITY FOR HEAT. 
be coefficient i U the in snail caloriea which is traiiBmitted per Kcond through 

> plate one ceniimetcr rface when the difierence of tenipera- 

xan between the two i\» found to 

*wy with the absolnle tely by the equation 

At^lb \i + ■(/— iy] temperature oi the brackeitd pairs 

iatbe tible. Jti that at 



t Htnchcl, Lcbeur, iDd Dunn ( 



2o6 Table 224. 

THERMAL CONDUCTIVITIES AT HIGH TEMPERATURES. 



Material. 



Nickel 



Aluminum 



Iron 
Copper 



Graphite 
(Artificial) 



Amorphous 
Carbon 



Graphite brick 

Carborundum brick 

Magnesia brick 

Gas retort brick 

Building and terra 

cotta 

Silica brick 

Stoneware mixtures 

Porcelain (Sevres) 

Fire clay brick 

Limestone 



Granite 



Authority. 



Angell 



Angell 



Hering 
Hering 



Hering 



Hansen * 



Hansen ^ 



Hering 



Wologdine 
<« 

(f 

(I 



« 

M 
14 
<4 
M 

Poole* 
Poole* 



Temperatare 

Centigrade 

Degrees. 



300 

400 

600 

700 

800 
1000 
1200 

100 

200 

300 

400 

600 
100-727 
100-912 
100-1245 

100 - 197 

100-268 

100 - 370 

100- MI 
100-837 
100-390 

100 - 546 
100-720 
100-914 

30-2830 

2800-3200 



180- 



-110 

220 

350-450 

500-700 

37 - 163 
170-330 

240-523 

283 - 597 
100-360 
100-751 
100-842 
300-700 
150- 1200 
50-1130 
100-1125 

15-1100 

100- 1000 

70-1000 

165-1055 

125-1220 

40 

100 

350 
100 
200 
500 



Thermal CoodoGSivity 
Calories per sec per 
deg. C per cm* cnbe. 



.126 
.117 
.088 
.069 
x)68 

•49 

.76 
1. 01 
.202 
.184 
.191 

1^3 
•969 

93" 
J902 

is8 

338 

324 

306 

162 

X)02 



iDaxmnmi. 

•55 
•44 
•35 

.028 
jozy 
.020 

.Off 



rainfBinni. 
•45 

.20 

.22 

.003 

.004 

.003 

.004 



.089 

.124 

.129 
.024 

.0032 to .027 
.0027 to .0072 
xx>38 



.0018 to 
.002 to 
.0029 to 
.003910 
.0032 to 
.0046 to 
.003910 

/X>32 to 

.0045 to 
-0043 to 
.0040 



.0038 

•0033 
•0053 
•0047 
.0054 

.0057 
.0049 

•0035 

.0050 

•0097 



Angell, Phys. Rev. 33, p. 421, 1911; Clement, Egy, Eng. Exp. Univers. of 
111., Bui. 36. 1909; Dewey, Progressive Age, 27, p. 772, 1509; Hering, Trans. 
Am. Inst. Elect. Eng. 1910; Poole, Phil. Mag. 24, p. 45, 1912; Wologdine, 

; Bull. See. Encouragement, iii, p. 879, 1909 ; Electroch. and Met Ind. 7, pp. 
3^3* 433> 1909; Woolson, Eng. News, 58, p. 166, 1907; heat transmission 

I by concretes. Actual values not given; Hansen, Trans. Amer. Electrochem. 

i Soc. 16, p. 329, 1909; Richards, Met. and Chem. Eng. 11, p. 575, 1913. 



' Taken from Angelas curves. 

* Values calculated from results expressed in other ttnitt. 
variability in material, but to possible errors in the method. 
'7aken from Poole's curvet. 

0MfrHSONIAN TaBLCS. 



The Buuc. and min. do not relate to 



Tablis 226-226. 

CONDUCTIVITY FOR HEAT. 
TABLB aaft. — Vartovs SoMmom. 
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¥t M tlie heaU in gram-calories flowing in i sec. through a plate i cm. thick per sq. cm. for i^ 
drop in temperature. 



i 



AibeiUM fiber 

Coctoo 

II 

e 
•I 

Lmpblack, Cfebot number 5 
Qttuts, BBesn soo . • . • 
Pb|dm, popped Na^SiOa • 
Wool fibcfs •■•••• 

M M 

<« f« 



Density. 



o.soi 
.ai6 

.OS I 

.101 

.0021 

.109 

.«93 
1.05 
0.093 

.015 

•054 
.19a 



OC. 



Soo 

j lOO 

1 500 

100 

«^ 

( 100 

1 500 
500 

I aoo 

(500 

100 

M 



.00019 

.00016 

.00017 

.000111 

.000071 

.00015 

.000046 

.000074 

.000107 

.00024 

.000091 

.000160 

.000118 

.000085 

.000054 



Substance. 



Asbestos paper 
Blotting paper . 
Portland cement 
Cork, t,o®C . 
Chalk 



Ebonite, t, 4^ . . . 
Glass, 'mean . . . 

Ice ' . 

Leather, cow-hide 
" chamois. . 

Linen 

Silk 

Caen stone, limestone 
Free stone, sandstone 



0.00043 
.00015 
.00071 
.0007? 
.ooao 
.00037 
.00a 
.0057 
.0004a 
.00015 
.000a 1 
.000095 
.0043 
.0021 



Authority. 



Lees-Chorl- 
ton. 

Forbes. 
H,L.D, 

see p. 205. 
Various. 
Neumann. 

I.«es-Chorl- 
ton. I 

I 

I 
H, L, D. \ 

•I 
I 



Left-band half of table from Randolph, Tr. Am. Electroch. Soc XXL., p. 550, 191a ; k| (Randolph's values) 
is mean condnctiTity between given temperature and about lo^C. Note effect of compression (density). The 
following are from Burratt Proc Phys. Soc., London, a7, 81, 1914. 



Brick, fire . 
Carbon, jpu 
Ebonite 
Fiber, red 
Glaaa. soda 
Silica, fused . 



Density. 



*-71 
1.4a 
1. 19 

1.39 

a.59 

a. 17 



at ao^C. 



X)OfIO 

.0085 

.00014 
.001 la 
.0017a 
ooa37 



at ioo<>C. 



.00109 
.0095 

.00013 
.00119 
.0018a 
.00255 



Substance. 



Boxwood . . 
Greenheart . 
Lignumvitx . 
Mahogany 
Oak. . . . 
Whitewood 



Density. 






0.90 
1.08 
1. 16 

0-55 

0.65 

0.58 



at 20OC. 



.00036 
.001 la 
.00060 
.00051 
.00058 
.00041 



at looPC. 



.00041 
.00110 
.0007a 
.00060 
.00061 
.00045 






The followii^ values are from unpublished data furnished bv C. E. Skinner oC the Westinehouse Co., Pitts- 
bwigli, Pean. They give the mean conductivity in gram-calories per sec. per cnl. cube per °C. when the mean 

temperatnre of the cube b that stated in the uble. Resistance in thermal ohms (watts/inchVinch/°C.) = — r 

10.6 

conductivity. 



Air«ell asbestos 

Cork, ground 

Diatomit 

Infoaorial Mrth. nattnal . . . 
•* '• hVI pressed blocks 



Grams, 
per cm*. 



o.a3a 
.168 
.326 
.506 
.321 

•450 
.36a 



Conductivity. 



100® C. 



0.00034 
.oooiq 
.00028 

.00034 

.000:^0 
.00023 
.00049 



aoo^C. 



300° C. 



0.00043 


0.00050 


__ 


.00019 


— 


^— 


•00032 


.00037 


0.00042 


.00032 


.00040 


— 


.00029 


.00033 


.00036 


.00025 


.00025 


— 


.00066 


.00079 


.00090 



4000C. 



5000C. 



0.00046 



.ooioa 



Safe 
temp. 



3»o 
180 
600 

400 
300 
600 



TlBXiB aM.—Watar and Salt Solvtiona. 



I 



OC. 



o 
II 

as 



0.Q0190 
.00147 
.00136 
«oi4S 



Aotiiority. 



GoUschmidti'ii. 
|Lees,*98. 
Miber, Chattock, '98 



Solution 
in wrater. 



CuSOi 

KCl 

NaQ 
<i 

HsSO* 
ZnSO* 



Density. 


«C. 


^ 


1. 160 


4-4 


0.00118 


1.026 


«3- 


.00116 


1.178 


4-4 


.00115 


— 


26.3 


.00135 


1.054 


20.5 


.00126 


1.180 


ai. 


.00130 


1.134 


4.5 


.00118 


1. 136 


4.5 


.00115 



Authority. 



H. F. Weber. 
Greets. 

H. F. Weber. 

Chree. 

H. F. Weber. 



2o8 



Tables 227-229. 



TABLP 227. - Oxnslo Lltiiia- 



TlBL8t9t.-aftlil. 



Substance. 




9-15 
9-15 
9-15 
9-15 

5 
9-.15 
9-15 
9-15 
9-15 

13 
13 


Xiooo 


a 


• 

< 

2 

3 

3 

2 

2 
4 


Acetic acid . . . 
Alcohols: amyl . 
ethyl . 
methyl 
Benzole .... 
Carbon disulphide 
Chloroform . . . 

Ether 

Glycerine . . . 
Oils : olive . . . 

castor . . 

petroleum . 

turpentine . 
Vaseline .... 


.472 
.328 

.423 
•495 
•333 

.303 
•037 
.395 
.425 
•355 

•325 
.44 


0.12 

0.01 1 
O.C067 


1 H. F. Weber. 3 Wachsmuth. 

2 Graetz. 4 Lees. 



SobitKDoe* 



Air ... . 

Argon . . • 
Ammonia . . 
Carbon monoxide 
dioxide 



M 



Ethylene . , 

Helium . . . 

Hydrog^ . , 

Methane . . 

Nitrogen . . 
Nitrous oxide 

Oxygen . . . 



o 



o 
o 
o 
o 
o 

o 

o 

o 

7^ 

7-8 

7-« 
7-8 



it 

Xioooo 



•525 

•4J 

•499 

•307 

•395 
3-39 
3-27 

.647 

.524 
•350 
•563 



.00190 
.00260 
.00548 



.00441; 
.00318 
.00175 



.00446 



X 

o 

X 
9 
< 



I Winkelmann. 
a Schwarze. 



Table 229. 

DIFFU81VITIE8. 

The diffusivity of a substance s= h^ = k/c^ where k is the conductivity for heat, c the spe- 
cific heat and p the density. (Kelvin.) The values are mostly for room temperatures, about i8°C. 



Material. 



Aluminum 

Antimony 

Bismuth 

Brass (yellow) 

Cadmium 

Copper 

Gold 

Iron (wrought, also mild steel) 
Iron (cast, also 1% carbon steel) 

Lead 

Magnesium 

Mercury 

Nickel 

Palladium 

Platinum 

Silver 

Tin 

Zinc • . . 

Air 

Asbestos (loose) 

Brick (average fire) 

" ( " building) . . . 



DifFuaiirity. 



0.826 

.0678 

•339 
.467 

1.133 
1. 182 

0.173 
.121 

.237 
.883 

.0327 

.152 

.240 

•243 
1-737 
0.407 

.402 
.179 

•0035 
.0074 

.0050 



MateriaL 



Coal 

Concrete (cinder) 

" (stone) 

(light slag) . . . . 

Cork (ground) 

Ebonite 

Glass (ordinary) 

Granite 

Ice 

Limestone 

Marble (white) 

Paraffin 

Rock material (earth aver.) . . 

*' " (crustal rocks) . 

Sandstone 

Snow (fresh) 

Soil (clay or sand, slightly damp) 

Soil (very dry) 

Water 

Wood (pine, cross grain) . . 

" ( " with " ) . . 



Diffoaivity. 



0.002 
.0032 
.0058 
.QOO 
.0017 
.0010 
.0057 
.0155 
.0112 
.0092 
.0090 
.00098 
.0118 
.0064 

•0133 

•0033 
.005 

.0031 

.0014 

.00068 

.0023 



Taken from ''An Introduction to the Mathematical Theory of Heat Conduction/* Ingersoll and Zobel, 1913. 
SiiiTHtoNiAN Tables. 







Table 230. 
HEAT OF COMBUSTION. 
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Hnt of ontnbostion of tome common organic compounds. (See also p. 213.) 
Pioduaa of oombustiou, COt or SOf and water, which is assumed to be iu a state of \ 


fapor. 


I 


Substance. 


Small calories 

per gram 
of substance. 


Authority. 


' 


Acetylene .... 


. 


11923 


Thomsen. 






Akofaols: Axnyl 




. 


8958 


Favre and Silbermann. 






Ethyl 




. 


7080 


Mean. 






Methyl . 




. 


5307 


Favre and Silbermann. 






Benzene 




• 


9977 


Stohmann, Kleber, and 


Langbein. 




Butter 




. 


9200 












Coals: Bituminous . 




. 


7400-8500 


Various. 






Anthracite . 




. 


7800 


Average of various. 






Lignite . 




. 


6900 


M a IC 






Coke . 




. 


7000 


•< M tt 






Carbon disulphide 




. 


3244 


Berthelot. 






' Dynamite, 75% • 




• 


1290 


Roux and Sarran. 






. Egg-white . 




> . 


5700 












" yolk . 




) . 


8100 












Fats, Animal 




. 


9500 


Average. 






Gas: Coal gas . 




> . 


5800-1 1000 


Mahler. 






Illmninating . 




. 


5200-5500 


Various. 






Methane . 




I . 


13063 


Favre and Silbermann. 






Naphthalene . 




► . 


9622 


Dickinson, 191 5. 






Gunpowder 




• 


720-750 


Various. 






Hemoglobin 




t . 


5900 












Hydrogen • 




. 


33900 


Mean. 






Oils: Lard 




■ 


9200-9400 


Various. 






Olive 




. 


9328-9442 


Stohmann. 






Petroleum, Am. 


crude 


11094 


Mahler. 






•' ** refined . 


11045 


<i 






" Russian . 


10800 


« 






Sucrose ..... 


3949 


Dickinson, 1914. 






Woods: Beech with 12.9% H,0 


4168 


Gottlieb. 






Birch •• 11.83 " 


4207 


<f 






Oak •* 13.3 


3990 


11 






Pine •* 12.17 " 


4422 


« 





telTHMHlMI TASm. 



2IO TABLK2S1. 

HEAT VALUES AND ANALYSES OF VARIOUS TYPES OF FUEL. 

(■) 



coia. 



T :.^u^ i Lo^ grade . . 

Lign»teJHighgr»<te. . 

Sub-bitu- { Low grade . 

minous ( High grade . 

Binuninou.j{--8^, 

Semi-bitu- i Low grade . 

minous ( High grade . 

Semi-anthracite. . . . 



I 

o 



38.81 

33-38 
22.71 

'5-54 
11.44 

3-42 

2.7 
3.26 

2.07 

2.76 

3-33 



•a « 



25.48 
27.44 
34-78 

33-03 
33-93 
.14.36 
14.5 

14-57 
9.81 

2.48 
3-27 



V 



« 

J 



27.29 
29.62 
36.60 
46.06 

75-5 
78.20 

78.82 

82.07 

84.28 



•9 



842 
9.56 

5-91 

5-37 
10.71 

3-39 
7-3 
3-97 
9-30 
12.69 
9.12 



% 

9 



.97 
.94 



4*94 
.58 
•99 
-54 

1-74 



-o 



7.09 
6.77 
6.14 
5.89 
5-39 

4-58 
4.76 
3.62 
2.23 
3-08 



3745 
41.3" 

60.08 
60.06 
77.98 
80.65 
84.62 
80.28 
79.22 

8«-3S 



% 

1.03 

ix>s 
1.02 

1.29 

1.82 

1.02 

1.47 

.68 

-79 



45-57 

40.75 

34.09 
27.03 

17.88 

4.00 

5.09 

3-59 
4.64 

5.06 




^l 



3526 
3994 
5" 5 




7852 

7612 
6987 
7417 






6347 
7189 

9207 

10557 
10958 

U134 
14121 

14699 
13702 

1*577 
>335M 
I 



(lb) PMta (■Ir «2M). 



From 


Vol. 
Hydro- 
Carboo 


Fixed 
Carboo. 


Aah. 


Sul- 
phur. 

-'5 

.29 


Hydn>. 
gen. 


Carbon. 


Nitro- 
gen. 




Calorioi 
per 


B.T.U.*i 

pound. 


Franklin Co.. N. Y. 
Sawyer Co., Wia. 


67.10 
56.54 


28.99 
27.92 


3-91 
«5-54 


5.93 
4.71 


57-17 
51.00 


1.48 
1.92 


3136 
26.54 


4867 


10307 
8761 



(o)Li««ld 



Fuel. 


• 

Specific Gravity 
at 15O C 


Calories per gxmm. 


BfMah Thermal Uaitt 
per pound. 


Petroleum ethec 

Gasoline 

Kerosene 

Fuel oils, heavy petroleum or 
refinery residue 

Alcohol, fuel or denatured 
with 7-9 per cent water and 
denatunng material . . . 


.684-.694 
.7IO-.730 
.790-.800 

.960-.970 
.8196-.8202 


12210-12220 
IIIOO-11400 
IIOOO-11200 

I 0200-10500 
6440-6470 


21978-21996 
19080-20520 
19800-20160 

18360-18900 
1 1 592-1 1646 



Table compiled by U. S. Geological Sunrey. 



Smithsonian Tablcs. 



I 

J 



C amfOaibmV. S. Gcalcfkal 3»kt XaiHi, — " lavotipUpD of Eiplwlra* lot DM Id Col Hina, 190$." 
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Table 233. 
THERMO-CHEMISTRY. CHEMICAL ENERGY DATA. 



The total heat generated in a chemical reaction is independent of the steps from initial to final 
state. Heats of formation may therefore be calculated from steps chemically impracticabk^ 
Chemical symbols now represent the chemical energy in a gram-molecule or mol(^) ; treat re- 
action equations like algebraic equations : CO -)- = C0|4- 68 Kg-cal ; subtract C 4- 2 O=C0| 
+ 97 I^g-c^U then C-|'0 = CO-|-29 Kg-cal. We may substitute the negative values of the 
formation heats in an energy equation and solve M^Cl2 + 2 Na=2 NaCl-)- Mg4-z Kg-cai; 
^-151= — 196 4- x; x = 45 Kg-cal. Heats of formation of organic compounds can be found 
from the heats of combustion since burned to H^O and CO3. When changes are at constant 
volume, energy of external work is negligible ; also generally for solid or liquid changes in vol- 
ume. When a gas forms a solid or liquid at constant pressure, or vice versa, it must be allowed 
for. For N mols of gas formed (disappearing) at T|^^ the energy of the substance is decreased (in- 
creased) by 0.002 • N • T|^ Kg-cal. H, -f- O = HjO -|- 67.5 Kg-cal. at iBPC, at constant volume ; 

1(2 H,+Oj — 2 H,0 = 135.0 -h 0.002 X 3 X 291 = 1 36.7) = 68.4 Kg-caL 

The heat of solution is the heat, -|- or — , liberated by the solution of i mol of substance in so 
much water that the addition of more water will produce no additional heat effects. Aq. signifies 
this amount of water; H^O, one mol. ; NH, -|- Aq = NH40H • Aq. -f- ^ Kg-cal. 

TABLE 233 (a). HtAta of FomAtioii tram BlnMati la Xllognm OaloiiM. 

At ordinary temperatures. 





Heat of 




Heat 0! 




Heat of 




Heat of 


Compound. 


Forma- 


Compound. 


Forma- 


Compound. 


Forma- 


Compound. 


ffoma" 




tion. 




tion. 




tion. 




ticm. 


A1,0, 


380. 


HgO 


21.4 


KCl 


105.7 


Li,S04 


33^^ 1 
283. 

328.5 

301-0 


Ag,0 


6.S 


Na,0 


100. 


LiCl 


93.8 


(NH4),S04 


BaO 


126. 


Nd,0| 


435- 


MgCl, 


151-0 


Na,S04 


BaOa 


142. 


NiO 


57.9 


MnCl, 


1 1 2.3 
97.8 


MgS04 


BijO, 


138. 


Ifs-^ 


370. 


NaCl 


PbS04 


216.2 


CO am 


29.0 


503 


NdCl. 
NH.Cl 


250. 


Th,S04 


22IX> 


COdi 


26.1 


PbO, 


62.4 


76.3 


ZnS04 


229.6 


CO, am 


97.0 


Pr,0, 


412. 


NiCl, 


74-5 


CaCO, 


27a 


CO,CT 


94.8 


Rb,0 


89.2 


PbCl, 


83.4 


CuCO, 


143- 


COjdi 


94-3 


SO, rh sgg 


70. 


PdCl, 


40.5 


FeCO, 


179. 


CaO 


152. 


SiO, 


191. 


PtCU 


60.4 


K2CO, 


280. 


CeO, 


22c. 
-16.5 


SnO 


66.9 


SnCl, 


80.8 


MgCO, 


267. 


ci,o g 


SnO, cr 


I37-S 


SnCU 


128. 


Na,CO, 
ZnCO, 


272. ' 


CoO am 


50-5 


SrO, 


'35- 


SrCl, 


185. 


1 
194. 


CoOcr 


57-5 


ThO, 


326. 


ThCl4 


300. 


AgNO, 


28.7, 


C03O4 
CrOa 


1934 


TiO, am 


215.6 


TlCl 


48.6 


Ca(NO,), 


209.. 1 


140. 


TiO, cr 


218.4 


RbCl 


105.9 


Cu(NOa),6 H,0 


929, 


CsaO 


913 


TIO, 


42.2 


ZnCl, 


^d 


H,NO, gggl 


41.6 


Cu,0 


42.3 


WO, 


>3i- 


HBr gig 


KNO, 


1 19.2 


CuO 


37-2 


WO, 


^'2 


NH4Br 


66. 


LiNO, 


112. 


FeO 


65.7 


ZnO 


HI gsg 


-6.2 


NH4NO, 


88.3 


Fe,0, 


196.15 
270.8 


AgCl 


29.2 


HFggg 


38. 


NaNO, 


tllJO 


Fe,0, 


Ag,Cl 
AlCl, 
AuCfy 


29.S 


Ag,S 


3-3 


TINO, 


58.2 


H,Oggl 


68.4 


1 61. 4 


CS, sgg 


-26.0 


CH4 sgg 


20. 


H,0, ggl 


46.8 


5.81 


CaS 


90.8 


C,H, sgg 


25- 


Hg,0 


22.2 


AuCl, y 


22.8 


(NH4),S 


66.2 


CjH, seg 
HCN di gsgg 


-53. 


HgO 


21.4 


BaCl, 


197. 


Cu,S 


18.3 


-30.5 


K,0 


91- 


BiCla 


90.6 


CuS 


II.O 


NHjggg 


12.0 


La,0, 


447. 


CCUam 


21.0 


H.S gsg 


2.73 


Ca(OH]^ 


230. 

88.8 


LiO, 


1 41.6 


CaCl, 


187. 


K,S 


103.4 


NH4OH 


MgO 


143.6 


CdCl, 


93-2 


MgS 


79-4 


NaOH 


102. 


MnO 


90.8 


CoCl, 


76.5 


Na,S 


89-3 


Na • H,0 • Aq— H 
i(2 Na • ■ H,0) 


*^* 


MnO, 


123. 


CuCl, 


515 


PbS 


19-3 


68.» 


Mn,04 


325- 


CuCl 


3^-' 


CaSO* 


262. 


i(Na,0 • H,0 • Aq) 
KOH 


30-* 


MoO, 


143- 


FeCl, 


82.1 


CUSO4 


111.5 


103.5 


MoOa 


'74- 


FeCla 


96.0 


H,S04 sggg 


193- 


K • H,0 • Aq-H 


NjO ggg 


-18.2 


GlCl, 


^55- 


-SO, • H,0» 


21.3 


J(2 K . • H,0) 


69.' 


NOggg 


-21.6 


HClggl 


22. 


Hg,S04 


175- 


|(K,0 . H,0 • Aq) 


3S-S* 


NO, 


- 8.1 


s^s^ 


313 


HgS04 


165. 






Na,0, 


- 2.6 


HgCl, 


53-3 


K,S04 


344-3 







am = amorphous : di= diamond; gT= graphite; cr = crystal; gzzgas; 1= liquid; 8=;:iolid; y 
rh = rhombic (sulphur). • Heats of formation not from elementa but m indicated. 
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•^ and ^- signs indicate signs of ions and the number of these signs the valency. For the ioni- 
iboa of each gram-molecule of an element divide the numbers in the table by the valency, e. g., 
03 at. Al =9-03 gr. A1+ -|~ 4^-3 ^g* csl\. When a solution is of such dilution that further dilu- 
on does not increase its conductivity, then the heats of formation of substances in such solutions 
isy be found as follows : FeCl|Aq = -f 22.2 -|- 2 X 39.1 = 100.4 Kg. cal. CuS04Aq = — 19.8 
h'X 59.1 »B 198. Kg. cal. 



lift++ 


—25.3 


NH44. 
NH4O + 

Na4- 


+ 327 


AsO^ 


- +215.0 
+ 28.2 


10,- 


+ 5S.8 
+ 40.5 


+ 121.0 


+ 37-5 


Br — 


10 - 

OH — 


Co + + 


+ 170.0 


+ 57.3 


BrO, — 


-|- 1 1.2 


+ 54-4 


Ca+-h 


H-i3>? 


Ni + + 


4" 16.0 


CO, 


+ 160.8 


PO, 


- -f 2yS.o 


Cd+ + 


+ i«4 


Mg4- + 


+ 108.8 


CI — 


+ 39' 


s,o, 


+ 138-6 


Ca-h + 


— 16.0 


Mn + -h 


+ 50.2 


CIO — 


+ 26.0 


^V>« — 


+ 278.2 


Cu-h 


— 15.8? 


Pb+-f 


-f 4.0 


CIO,— 


+ 23.4 

-387 
+ 163.0 


S40, 


+ 260.8 


Fe + 4- 


+ 22.2 


Rb-f 


+ 625.0 


cio« — 


so, 


+ 1 51.0 


Fe + -h + 


— 9.3 


Sn + + 4" 


-f 1 19.6 


HCO,— 


so. 


-f 214.0 


H + 


ao 


Sr + + 


HPO,— 


+ 1439 


Se 


— 35.6 


Hg + 


— 19.8 


Tl-h 


4-17 


HPO, 


+ 229.6 


Sc(X 


+ 1 19.6 


K-h 


+ 61.8 


Zn+ + 


+350 


HPO« 


+ 304.8 

+ 1.2 


SeO. 


+ 144.8 


Li + 


+ 62^ 






HS — 


Te 


— 34.8 










NO,— 


+ 27.0 


TeO, 


+ 77.0 










NO,— 


+ 48.9 


TeO, 


+ 98.4 










I — 


+ 13-1 


S 


— 12.6 



TABLB >38o. — Hiats ot HtntrillistloM in Kilognm-OaUirles, 
Tlie heat generated by the neutralization of an acid by a base is equal, for each gram-molecule 



formed, to 13.7 Kg. cal. plus the heat produced by the amount of un-ionized salt formed, 
the sum <if the heats produced in the completion of the ionizations of the acid and the base. 
also p. 209). 



Base. 


HQ^q 


HNO,.aq 


H,SO«^ 


HCN-aq 


CH,COOH-aq 


H,.C08.aq 


KOH • aq 
NaOH aq 
NH«C)H • aq 
\ Ca(OH), . aq 
Zn(OH), • aq 
*{Cu(OH>, aq 


13-7 

13.7 
124 

14.0 

9.9 
7.5 


13-8 

'37 
12.5 

13-9 
9-9 
7-5 


>57 

157 
14.5 

15.0 

11.7 

9.2 


2.9 
2.9 

"■3 


13-3 

133 
12.0 

6.2 


10. 1 

10.2 
8. 

9-5 
55 



TABU aaad. — HMtofDUatiOB,H,SO«. 



^ la Kilogram-calories by the dilution of one gram-molecule of sulphuric acid by m gram-mole 
^:friei of water. 



Kg. Cal. . 



I 
638 



2 
9.42 



3 
11.14 



5 
13.11 



19 
16.26 



49 
16.68 



99 
16.86 



199 
17.06 



399 
17.3' 



'599^^ 
17.86 



TABLB t33Si— Hsatsof OomlrastiQaolSoaMOailMaOoaipouids. 



^t 



lActtjIene . 
Beaiole . . 
Benzole . . 
ine sugar 
^ulose . 
ihane . . 
^thyl alcohol 



Compoutlon. 



1 



C,H, 
C.H, 
C,H, 

C,H, 
CjH,OH 



KfC.Cal. 
p«r«T. 

IDOL 



3" 

788 
780 



326, 



Kr. Cal. 



1 1.9 
10. 1 
1 0.0 

3.95 
4.20 

12.4 

7.08 



Compound. 



Methyl-alcohol 
Glycerine 
Methane 
Propane . 
Starch . 
Toluene 
Urea . . 



Composition. 



CH,OH 

C.H. 
C'«H,oO. 

CO(kH,), 



Kg. Cal. 

perer. 

mol. 



171. 

397. 
214. 

538. 

685. 

937. 
152. 



KfE. Cal. 
perg. 



532 

4.32 

'3-3 
13.0 

4.23 
IQ.2 

2.53 
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Tablk 234. 
LATENT HEAT OF VAPORIZATION. 



The tenperatare of Taporisation in degrees Centigrade it indicated by 7*; the latent heat in laive calori« 
f^ram or in tnudl calories or therms per gram by N; the total heat fromoP C, in the same onits by Jf. Th 
u that due to the vapor at the tempentore T. 



Substance. 


Formula. 


T 


H 


w 


Authority. 


Acetic acid .... 


CaH40a 


I180 


84.9 


- 


Ogier. 


Air 


- 


- 


50-97 


- 


Fenner-Richtmye 


Alcohol: Amyl . 


CsHuO 


»3i 


120 


- 


SchalL 


Ethyl . 

«( 

... 

•« 

... 

« 

. • • 

• • • 


CsHeO 
« 

tt 

tt 

tt 


78.1 


SO 
100 

150 


205 
23S 


25s 
236 

204 

267 

285 


Wirtz. 

Regnault 
«« 

« 


Methyl . 

u 

• • • 

• • . 

«< 

... 

M 

• . . 

U 

... 

M 

• • • 


CH4O 

u 
tt 

It 

u 
tt 

M 


64.5 


50 
100 

150 

200 

238.5 


2.67 
289 


289 

246 
206 

152 
44.2 


Wirtz. 

Ramsay and Youi 

a t< 44 
tt tt u 

U «< 44 
tt tt U 
M U U 


Ammonia .... 

M 

• • • . 

it 

• • . . 

• • ■ . 


NHt 

u 
<« 


7.8 
11 
16 

17 


294.2 
291.3 
297.4 
296.5 


- 


Regnault. 
44 

4t 
tt 

9 


Benzene .... 


CeHe 


80.1 


92.9 


127.9 


Wirtz. 


firomine .... 


Br 


61 


45.6 


- 


Andrews. 


Carbon dioxide, solid . 
" •* liquid 

<l M « 

<f t* U ^ ^ 

it l< M 

tt U U 

HUH 


COa 

«4 
t* 
it 
tt 
tt 
It 


—25 


>2.35 
22.04 

29.85 

30.82 


72.23 
57.48 

14.4 
372 


138.7 


Favre. 

Cailletet and Matt 

44 4« U 

Mathias. 

44 

4« 
(4 


*' disulphid« 

« u 

M tt 


CSg 

t< 
«( 

l( 


46. r 

100 
140 


83.8 
90 


94.8 

90 

100.5 
102.4 


Wirtz. 
Regnault 

44 

tt 


Chloroform .... 


CHCU 


60.9 


58.5 


72.8 


Wirtz. 


Ether 

u 

• • . . . 

tt 

. . • • • 

44 

• • • • . 

a 

• • • • . 


C4H10O 

«4 
«< 

«« 
U 


34.5 

34.9 


50 
120 


88.4 
90.5 

94 


107 

94 
115.1 

140 


u 

Andrews. 

Regnault. 

44 

44 


Iodine 


I 


- 


23-95 


- 


Favre and Silbera 


Mercury .... 


Hg 


357 


65 


- 


Mean. 


Nitrogen .... 


N 


—195.6 


47.65 


- 


Alt. 


Oxygen .... 





—182.9 


50.97 


- 


44 


Sulphur dioxide . 

tt ** , . . 
tt "... 


SO, 
tt 





68.4 


: 


Cailletet and Mat) 

« <4 M 
M M 44 


Turpentine • • • . 


CioHio 


1593 


74.04 


- 


Briz. 


Water 

If 

..... 


HjO 


100 
100 


535-9 


637 


Andrews. 
Regnault 
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LATENT HEAT OF VAPORIZATION. "» 



Sobstaaoet fomiila, and 
tetspefature. 



/=total heat from ftiad at cP to Tapor at fi, 

r= latent heat at /^. 



Authority. 



Acetone, 

C,H.O, 

— 3^ to I47<». 



Benzol, 
7® to 215*. 



Carbon dioxide, 
— 25® to 31®. 



Carbon disnlphide, 

CS,, 

— 6Pto I4f. 



Carbon tetrachloride, 

CCI4, 

8^ to i6f. 



Chloroform, 
CHCU, 



Nitrogen, N. 



Nitrons oxide, 

N,0, 
— 200 to 36P. 



Oxygen, O. 



Snlphur dioxide, 

SOU, 

o® to 6aP. 



/= 1 4a5 + 0.36644/ — 0.000516/* 
/ = 1 39-9 + 0.23356 / + aooo5S358 /• 
r = 139.9 — a27287 / -f 0.0001 571 fi 



/=io^o + a24429/ — 000013151* 



t= 118.485 (31 —/) — 04707 {31 — ^ 



Water, H,0. 



! 00.0 + 0*14601/ 

89.5 + 0.16993/ 
89.5— 0.06530 / • 

: 52.0 + 014625 /• 

: 51.9 + 0.17867/ 
= 51.9 0.01931/- 

67.0 + 0.1375/ 
: 67.0 + 0.147 16/ • 
167.0 008519/- 



r= 68.85 — 02736 T 



0000412/* 

0.00X0161 fi + 0.000003424 fi 

00010976 fi + 0.000003424 fi 



0.000172/* 

0.0009599 fi + 0.000003733 fi 

00010505 fi + 0.000003733 fi 



0.0000937/* 
00001444/* 



^I3>75 (3^ — ') — 0.928 (36.4— /)* 



r» 69.67—02080 T 



r = 91.87 — 0.3842 / — 0000340 fi 



r« 94.210 (365—0 ^*-*"**. 3^* — ioO» 

r s= 538.46—0.6422 (/ — 100) — 0000833 (/ — xoo)*, 

io<^-i8o® 
rss 539.66 — 0.718 (/— 100), i20*-i8o* 



Regnault. 
Winkelmann. 



Regnault 



Cailletet and 
Mathias. 



Regnault. 
Winkelmann. 



Re^^nlt 
Wmkehnann. 



Regnault 
Winkelmann. 



Alt 



Cailletet and 
Mathias. 



Alt 



Mathias. 



Henning. 



• Quoted from Landolt & BOnwteiD's " Phys. Chem. Tab.*' 
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Table 235. 
LATENT HEAT OF FUSION. 



This table contains the latent heat of fusion of a number of solid substances in large cali 
kilogram or small calories or therms per gram. It has been compiled principally from 
and Bomstein's tables. C indicates the composition, 7* the temperature Centigrade, ax 
latent heat. 



Substance. 


c 


T 


H 


Authority. 


Alloys: 30.5Pb4-69.5Sn . 


PbSn4 


183 


17. 


Spring. 


36.9Pb4-63.1Sn . 
63.7Pb + 36.3Sn . 




PbSna 


179 


«S-5 


w 




PbSn 


1775 


1 1.6 


« 


77.8Pb-j-22.2Sn . 


I 


PbsSn 


176.5 


9-54 


« 


Britannia metal, 9Sn -f i Pb 


1 


- 


236 


28.0* 


Ledebur. 


Rose's alloy, 












24Pb-f 27.3Sn-f 48.7Bi 


- 


98.8 


6.85 


Mazzotto. 


wood's aUoy{;5.8Pb+U.7Snj 


- 


75-5 


8.40 


«« 


Aluminum 


Al 


658. 


76.8 


Glaser. 


Ammonia . 








NHt 


—75- 


108. 


Massol. 


Benzole 








CeHe 


• *0 

5-4 


30.6 


Mean. 


Bromine 








Br 


—7-3 


16.2 


Regnault. 


Bismuth . . . 








Bi 


268 


12.64 


Person. 


Cadmium . 








Cd 


320.7 


13.66 


tt 


Calcium chloride 








CaCl2 + 6H80 


28.5 


40.7 


M 


Copper 








Cu 


1083 


42. 


Mean. 


Iron, Gray cast . 








- 


- 


23- 


Gniner. 


" White ** . 








— 


— 


33- 


M 


•* Shig . . , 








— 


- 


SO- 


M 


Iodine 








I 


— 


11.71 


Favre and Silber 


Ice ... . 








HjO 





79-63 


( Dickinson, Hai 
( Osborne.! 


• • • 








M 





79-59 


Smith.l 


^ (from sea-water) 








1 of solids ) 


-8.7 


54.0 


Petterson. 


Lead . 








Pb 


327 


5.-6 
2.82 


Mean. 


Mercury 








Hg 


—39 


Person. 


Naphthalene • 








• CioHs 


79^7 


35.62 


Pickering. 


Nickel 








Ni 


M35 


4.64 


PioncboQ. 


Palladium . • « 








Pd 


1545 


36.3 


Violle. 


Phosphorus • « 








P 


44.2 


.4-97 


Petterson. 


Platinum . • . 








Pt 


"^ns 


27.2 


Violle. 


Pota.Hsium . . , 








K 


62 


48.9 


Toannis. 
Person. 


Potassium nitrate • 








KNO3 


333-5 


Phenol 








CeHsO 


2537 


24.93 


Petterson. 


Paraffin 








- 


52.40 


35-IO 


BateUi. 


Silver 








Ag 


961 


21.07 


Person* 


Sodium 








Na 


97 


^.87 


Toannis. 


" nitrate . 








NaNO« 


3058 


•« 


" phosphate 








( NajHPOi 1 
\ + i2HaO j 


36.1 


66.8 


M 


Spermaceti 








- 


43-9 


36.98 


BatellL 


Sulphur 








S 


"5 


9-37 


Person. 


Tin ... . 








Sn 


232 


14.0 


Mean. 


Wax (bees) 








- 


61.8 


^J-3 


M 


Zinc .••••• 


Zn 


419 


28.13 


«« 



• Total heat from tP C. 

t U. S. Bureau of Standards, 1913, in terms of 15^ calorie. 

X i()03. baaed on electrical measurements, assuming mechanical eqoindent = 4.187, and in tema of die ts 
international volt in use after 1911. 

Smithsonian Tables. 
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The metals in heavier type are often used as standards. 

^le melting-points are reduced as far as possible to a common temperatnre scale which is the 
one used by the United States Bureau of Standards in certifying pyrometers. This scale is de- 
fined in terms of Wien's law with C% taken as 14J00, and on whicn the melting-point of platinum 
is 1755^ C (Nemst and Wartenburg, 17^1 ; Waidfner and Burgess, 1753 ; Daj and Sosman, 1755 ; 
Holbom and Valentiner, 1770 ; see C. R. 148, p. 1177, 1909). Above iioo^C, the temperatures 
are expressed to the nearest 5^ C. Temperatures above the platinum point may be uncertain by 
over 50* C. 





Meltiag- 






Melting- 




Element. 


potnt. 
«C 


Remarks. 


Element 


poiut. 


Remarks. 


Aluminum 


658±i 


Most samples 


Manganese 


1260 


Burgess- Waltenberg 


. 




give 657 or less 


Mercury 
Molybdenum 


-38.7 


• 


) 




iBurgess). 
"Kahlbaum" pu- 


253s 


Mendenhall- Forsythe 


Antimony 


630±i 


Neodymium 


840 


(Muthmann- Weiss.) 






rity. 


Neon 


— 252 




Argon 


— 188 


Ramsay-TraversJ 


Nickel 


1452 


Day, Sosman, Bur- 


Arsenic 


850 


1 




gess, Waltenberg. 
v. Bolton. 


Barium 


(Guntz.) 


Niobium 


»950 


Beryllium 


1350? 




Nitrogen 


— 211 


(Fischer-Alt.) 


Bismuth 


270 


Adjusted. 


Osmium 


About 2700 


( Waidner - Burgessy 


Boron 


j>2000? 
l<2S00f 


Weintraub. 


Oxygen 
Palladium 


-218 


unpublished.) 


1 Bromine 


— 7-3 




>549J:5 


( Waidner-Burgess, 


Cadmium 


321 


Range : 320.7- 
320.9. 






Nernst-Warten- 
burg, Day and Sos- 


Czsium 


26 


Range : 26.37- 






man.) 






2^-3 

Adjusted. 


Phosphorus 


44.2 




Calcium 


805 


Platinum 


«755=tS 
02.3 


See Note. 


Chlorine 


— 102 


(Olszewski.) 


Potassium 




Carbon 


0^500) 


Sublimes. 


Praesodymium 


940 


(Muthmann. Weiss.) 


Cerium 




Rhodium 


1950 


( MendenhalUInger- 


Chromium 


>I520 


Burgess-Walten- 






soU.) 






berg 


Rubidium 


38.S 




Cobalt 


1478 


Burgess-Walten- 


Ruthenium 


2450? 








berg 


Samarium 


1300-1400 


( M uthmann- Weiss. ) 


Copper 


1083 ±3 


Mean, Holbom - 


Selenium 


217 


Saunders. 






Day, Day- 


Silicon 


1420 


Adjusted. 






Clement. 


Silver 


g6i±i 


Adjusted. 


Erbium 






Sodium 


97 




Fluorine 


— 223 


(Moissan • De- 


Strontium 




Between Ca an J Ba ? 




*# 


war.) 


Sulphur 


"3-5-"9-5 


Various forms. See 


1 Gallium 


30.1 








Landolt-Bomstein. 


Germanium 


<Ag 




Tantalum 


2850 


Adjusted from Waid- 


Gold 


1063 ±3 


Adjusted. 






ner-Burgess=29io. 


Hydrogen 


— *59 




Tellurium 


451 


Adjusted. 


Indium 


155 


(Thiel.) 


Thallium 


302 




Iodine 


114 


Range: 112-115. 


Thorium 


>i700<Pt 


V. Wartenburg. 


Iridium 


2290 


Mendenhall In- 


Tin 


23»-9rt-2 








gersoll. 


Titanium 


I79S 


Burgess-Waltenberg. 


Iron 


1530 


Burgess- Waltcn-' 
berg. 


Tungsten 


3200 


Adjusted. 


, Krypton 


-169 


(Ramsay). 








' Lanthanum 


810 


(Muthmann- 


Uranium 


Near Mo 


Moissan. 






Weiss.) 


Vanadium 


1720 


Burgess-Waltenberg. 


Lead 


3.7^^0.5 




Xenon 


— 140 


Ramsay. 


Lithium 


nCahlbaum. ) 
(Grube) in clay 


Zinc 


419 ±0.5 




Magnesium 


651 


Zirconium 


>Si 


Troost. 






crucibles, 635. 
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Tasli 237. 1 


BOILING-POINTS OF THE CHEMICAL ELEMENTS. 1 






BoUinf. 




Element. 


Raogt. 


point. 
oc 


ObMnrer; Reaaiks. 


Aluminum 


o 




i8oa 


Greenwood, Ch. News, 100, 1909. 


Antimony 


- 


1440. 


I« M «4 «« M 


Argon 


- 


— i8di 


Ramsay-Travers, Z. Phys. Ch. 38, 1901. 


Arsenic 


449-450 


• 


Gray, sublimes, Conechy. 


It 




*36o. 


Black, sublimes, Engel, C. R. 96^ 1883. 


M 


280-310 




Yellow, sublimes. 


Barium 


- 


- 


Boils in vacuo, Guntz, 1901. 
Barus, 1894; Greenwood, L & 


Bismuth 


1420-1435 


1430. 


. Boron 






Volatilixes without melting in electric arc 


Bromine 


59-63 


61. 1 


Thorpe, 1880 ; van der Plaats, i88d 


Cadmium 




778. 


Berthelot, 1902. 


Caesium 


• 


67a 


Rttff-johannsen. 


Carbon 


. 


360a 


Computed, VioUe, C. R. 120^ 1895. 


f« 


-. 


- 


Volatilizes without melting in etoctric oven, Moissoa 


Chlorine 


- 


—33-6 


Regnault, 1863. 


Chromium 


m. 


2200. 


Greenwood, Ch. News, 100^ 1909. 


Copper 


2IOO-23IO 


231a 


Lc 


Fluorine 


— 


—187. 


Moisson-Dewar, C. R. 136, 1903. 
Computed, Tracers Ch. rfews, 86, 1902. 


Helium 


- 


—267. 


Hydrogen 


—252.5-252^ 


—252.6 


Mean. 


Iodine 


•. 


>200. 




Iron 


~ 


2450. 


Greenwood, 1. c. 


Krjrpton 


— 


—1 51. 7 


Ramsay, Ch. News, 87, 1903. 


Lead 


— 


^525- 


Greenwood, I. c. 


Lithium 


- 


140a 


Ruff.Johannsen, Ch. Ber. 38, 1905. 


Magnesium 


- 


112a 


Greenwood, 1. c 


Manganese 


- 


1900. 


M M 


Mercury 


-> 


357- 


Crafts; Regnault 


Neon 


- 


-239. 


Dewar, 1901. 


Nitrogen 


— 195.7-1944 


—195. 
—182.7 


Mean. 


Oxygen 


— I82.5-I82.9 


t< 


Ozone 


— 


28^! 


Troost, C. R. 126, 18^ 


Phosphorus 


287-290 




Potassium 


667-757 


712. 


Perman ; Ruff-Johannsen. 


Rubidium 




696. 


Ruff-Johannsen. 


Selenium 


664^ 


690. 




Silver 


- 


»955- 


Greenwood, L c. 


Sodium 


742-757 


75O' 


Perman ; Ruff-Johannaen. 


Sulphur 
Tellurium 


444.7-445 


444-7 


Mean. 




1390. 


Deville-Troost, C. R. 91, 1880. 


Thallium 


- 


1280. 


V. Wartenberg, 25 Anorg. Ch. 56^ 1908. 


Tin 


> 


227a 


Greenwood, 1. c. 


Xenon 


- 


—1 09. 1 


Ramsay, Z. Phys. Ch. 44, 1903. 


Zinc 


916-942 


930- 
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Tablk 238. 
DENSITIES AND MELTINCAND BOILING POINTS. INORGANIC COMPOI 







Density 


Melting- 


f 

1 

< 


1 

Boiling- 


Prai 


SvbtHMxxa, 




about ao^ 
C. 


point 
C. 


point 
iC. 


•un 

mm 


Alaminum chloride . . 


AlClt 


. 


19a 


I 


i83« 


752 


** nitrate. . . 


A1(N0,),+9H,0 


- 


72.8 


2 


— 




AInminum oxide . • . 


AlaOa 


4.00 


2020 


II 


.• 


• 


Ammonia 


NHs 


- 


—75- 


3 


—33-5 


760 


Ammonium nitrate . . . 


NHaNOs 


1.72 


165. 






— 


** sulphate . . 


(NH4)2S04 


1.77 


140. 


4 


- 


— 


" phosphite 


NH4HaP08 




"3- 


5 


- 


- 


Antimony trichloride . . 


SbCls 


3.06 


73- 




223. 


760 


" pentachloride . 


SbCU 


2-35 




II 


102. 


68 


Arsenic trichloride . . . 


AsClg 


2.20 


8 


130.2 


760 


Anenietted hydrogen . . 
Barium chloride . . . 


AsHa 
BaCl, 


3.86 


-^:^ 


6 


-54.8 


<l 


•' nitrate . . . . 


Ba(N08|s 


3-24 


575- 


24 


- 


- 


" perchlorate . . 


Ba(C104)« 




505. 


10 


- 


— 


Bismuth trichloride . . 


Bids 


4.56 


232.5 


- 


440. 


760 


* Boric add 


HsBOb 


1.46 


185. 


- 


- 


— 


! ** anhydride. . . . 


BflO. 


1.79 


^U\ 


— 


- 


- 


Borax (sodium borate) . 


Na«B407 


1.69 


561+ 


9 


~ , 


- 


Cadmium chloride . . . 


CdCl« 


4.05 


S6o. 


25 


9oo.± 


— 


'* nitrate . . . 


Cd(NOs)s+4H80 


2.26 


59.5 


2 


132. 


760 


Calcium chloride . . . 


CaCla 


774. 


- 


- 




• • . 


CaCl2+6HaO 


1.68 


29.6 


_ 


- 


- 


'* nitrate .... 


Ca(NOs)a 


2.36 
1.82 


499- 


H 


- 


- 


• • • 


Ca(N08)a + 4HaO 


42.3 


26 


- 


- 


Carbon tetrachloride . . 


ecu 


1.59 
1.63 


184. 
—207. 


22 


76.7 


760 


** trichloride. . . 


CgCl. 


- 






** monoxide . . . 


CO 


— 


6 


-^ 


760 


' '^ dioxide .... 


COi 


- 


—57- 


3 


subl 


disulphide . . . 


CS, 


1.26 


— ua 


13 


46.2 


760 


1 Chloric acid 


HC104+HaO 


1.81 


50^ 


15 


- 


— 


Chlorine dioxide . . . 


ClOt 


— 


-g 


rl 


9.9 


73^ 


Chrome alum .... 


KCr(S04)a+i2HsO 


«^3 




• *^ 


•• nitrate . . . . 


Cra(NOa)6+i8HaO 




37. 


2 


170. 


76c 


Cobalt sulphate .... 


C0SO4 


3-53 


97- 


16 


- 


— 


1 Cupric chloride .... 


CuCIa 


3.05 


498. 


9 


- 


— 


. Cuprous '* 


CuaCla 


3-7 


421. 




1000.^ 


760 


Cupric nitrate . . . . 


Cu(NOB)a+3HaO 


2.05 


1 14.5 


2 


170. 


760 


Hydrobromic acid . . . 


HBr 


- 


-86.7 


3 


—68.7 


M 


Hydrochloric '* . . . 


HCl 


- 


— 111.3 


17 


—83.1 


755 


Hydrofluoric "... 


HFl 


•99 


—92.3 


6 


-36^7 


M 


Hydriodic " . . . 


HI 




— 5»-3 


17 


80.2 


76c 


Hydrogen peroxide . . 


HaOa 


i-S 


— 2. 


18 


47 


** phosphide . . 


PHg 


^ 


—132.5 


6 


- 




sulphide . . 


HtS 


- 


-86. 


3 




• 


Iron chloride 


FeClg 


2.80 


301. 




.. 




** nitrate 


Fc(N08)8+9H20 
FeS04-f7HaO 


1.68 


47.2 


2 


.. 




, ** sulphate • . . . 


ir 


64. 


16 


— 


— 


{ Lead chloride .... 


PbCla 


^ 


9 


9oo.± 


7^ 


" metaphosphate . . 


Pb(P08)a 




9 


^ ^H^K 




; Magnesium chloride . . 


MgCla 


2.18 


708. 


9 


- 


— 


1 " nitrate . . 


Mg(N08)a+6HaO 


1.46 


90. 


2 


M3- 


7<S< 


" sulphate . . 


MgS04+5HaO 


1.68 


150. 
87.5 


16 






> Manganese chloride . . 


MnCla4-4HaO 


2.01 


19 


106. 


76 


•* nitrate . . . 


Mn(N08)a-f6HaO 


1.82 


26. 


2 


129. 


«• 


, " sulphate . . 


MnS04-f SHaO 


2.09 


54- 


16 




— 


Mercurous chloride . . 
Mercuric chloride . . . 


HgaCla 


7.10 


45o± 
282. 


~ 


. 


• 


HgCla 


5.42 


— 


305. 


— 



I. Friedel tad Crafto; a, Ordwaj; s» Faraday; 4$ Maicfaand; 5, Amat; 6, Olanveaki; 7, Gibba; 8, Baafc 
Carnelly; 10, Carnelly and O'Shea ; 11, Ruff; 13, Wroblewski and Olszewski ; 14, Anschlitz; 15, Roscoe; 1 
17, Ladenburg; 18, Staedel; 19, Clarke, "Const of Nature*'; so, Bruhl; si, Sdiacherl; as, Tamman; aj 
a4, Ramsay; 35, Lorenz; a6, Morgan. 
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TaBLI 238 (cMf^nrA 

DENSITIES AND MELTtNQ- AND BOIL I NO -POINTS. 
INORQANIC COMPOUNDS. 



1, OrdwiTl 1. I^ldcn: <. Rrdiiunn; i 

" II, DiT.Swun, White; ii, Rani 

t, Cirnellr, O'Shu t la, Thorpe ; 

Iiiluns"; Ii, lunbarli i6, MiliiH. _ 

■ Under vnwoR ti|ftiua. fDaoin- 



in 



Tables 239-240. 
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ft 



i 



f 


Meltins-point 
at X kg/aq. cm. 


Highest 

expenmental 

pressare : 

kg/sq. cm. 


dt/dp 
at 1 ki^aq. cm. 


A t. (obserred) 

for 
1000 kg/aq. cm. 


Reference. 




-38.85 


12000 


aoo5ii 


SJ* 


I 




597 
97-4 


2800 
2800 


.0136 
.0082 


13.8 

8.2 


2 
2 




231.9 


2000 


.00317 


3-17 


3 


. 


270.9 


2000 


— 0.00344 
aoo6o9 


-3-44 
6.09 


3 


f 


320.9 


2000 


3 


> 


327.4 


2000 


.00777 


777 


3 



i 
1 



l.'leoces.— 



1. P. 

2. G. 



* A t (observed) for loooo kg/tq. cm. ia 50.8^. 

. W. Bridgman, ** Proc. Am. Acad." 47, pp. 391-961 416-19, 19x1. 
. Tammann, ** Kristallisieren und Schmelzen, Leipzig, 1903* PP* 98-99. 
X J. Johnston and L. H. Adams, '*Am. J. Sci." 31, p. ^i^ 191 1. 
:e nuinber of organic substances, selected on account of their low meltinje-points, have 
investigated: by Tammann, /ac» ctt.\ G. A. Hulett, "2^ Physik. Chem.*'28, p. 629, 1899; 
irber, ibtd.^ 82, p. 4$, 19x3; £. A. Block, iHd^ 82, p. 403, 1913. The results for water are 
b the following table. 



YABLBlftO.- 


BffMt of Fiemze on tlie FneilBf -Peist of Water (Bridgmui*). 


Pressuret: 
kg/iq. cm. 


Freeiing-point. 


Pbaaea in Equilibriom. 


I 


0.0 


Ice I — liquid. 


1000 


— 8.8 


« 


2000 


— 20.15 


u 


2115 


— 22.0 


Ice I — ice III — liquid (triple point). 


3000 


— 18.40 


Ice III — liquid. 


3530 


— 17.0 


Ice III — ice V — liquid (triple point). 


4000 


— 137 


Ice V — liquid. 


6000 


— 1.6 


M 


6380 


+ 0.16 


Ice V— ice VI — liquid (triple point). 


8000 


12.8 


Ice VI — liquid. 


12000 


37-9 


M 


16000 


57.2 


M 


20000 


73.6 


M 



* P. W. Bridgman, " Proc Am. Acad.** p. 47, 441-558, 191a. 
1 1 atm. = I.Q33 kg/aq. cm. 
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TABUtB 241 -243. MELTINC'POINTa. 



i Sbepherf J. ph. eh. 8, i^o*." "'' ""^ 

IKipp. Diu., KHnifiben. i^ai. 
Fit »d GiUoo. Ttua. Am. Idm. Min. Eng. No*. 

« Hi^k inl KniUt, PhU. Tnoi. iSfA, 1I97. 



\i Rolinil-GoHeUn, Bui. Sac. d'Tiia 
17 Ciutler, " " " 

iR Le OMtdin, " ■' " 

«, Rci'u^n, 2. AnoB. C 



?::■»' 



o Efliird ud Scbcrtel, Jibib. B^-n. HfUi 





TABL1S41. 


- Alln C iMd. na, n< B 


■ntt. 










II 


si;- ■ ■■ 




lis 

M-4 


jS-o 


H 


»J 




JO* 

■'■" 


S».I 


s 


jn^ 


SolidJAotlw « 


96° 


■0,0 ..j" 


.lB» 


■4»' 


■48= 


s 


■'■° 


lll° 


41'°_ 



Cbun', Soc. d'Ewnani Fubi, Ifu. 







CdmiuBI .... 




r'* 


H.8 




6.1 
J4.4 


»■» 


4».9 


Lud 

Bi«»tnh .... 


Ji? 


Solidifici-loi « 


'ti" 


ftfi* 


M-i" 


4».S" 


J«l-J° 


V!" 


M» 



•WTHMMUH T««in. 
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DENSITIES. MELTING-POINTS, AND BOILING-POINTS OP SOME 

ORGANIC COMPOUNDS. 

N.B.— The data in this table refer only to normal compounds. 



Svhttnot, 




Temp. 


Deo- 
•ity. 


Meldng- 
poim 


Botlinf-point 


Authority. 






(a) Paraffin Seriea 


^' ^J^tm+»' 




Methane* . . . 


CH4 


—164. 


0.415 
.440 


-184 


—165. 


Olszewski, Yoang. 


Ethanet . • • • 


C2H. 





— 171.4 


—93- 


Ladenburg, ** 


Propane • • . . 


CaHa 





\^ 


—195 


—45. 


Young, Hainlen. 


Butane • • • . 


C4H10 







I. 


Butlerow, Young. 


Pentane .... 


CftHis 





.647 


- 


36,3 


Thorpe, Young. 


Hezane . • • . 


CaHi4 


17- 


.663 


- 


60. 


Schorlemmer. 


Heptane . . • . 


CjHia 





.701 


- 


984 


Thorpe, Young. 


Octane .... 


CaHia 





719 


— 


125.5 


«• M 


Nonane .... 


C»H3o 





733 


— s«- 


150- 


Krafft 


Decane .... 


CioHfa 





745 
750 
705 


— 3«- 


«73- 


M 


Undecane . . . 


CuHsi 





—26. 


195- 


II 


Dodecane . . . 


CuHje 





—12, 


214. 


U 


Tridecane . • . 


CiaH28 





771 


•^^ 


234. 


l« 


Tetradecane . . 


CuHao 


4- 


770 


5- 


252. 


II 


Pentadecane • . 


CuHat 


la 


la 


S^ 


m 


Hezadecane • . 


CieHsi 


18. 


775 


x8. 


11 


Heptadecane . . 


CnHaa 


22. 


777 


22. 


303- 


II 


Octadecane . . 


CisHaa 


28. 


777 


28. 


3»7- 


M 


Nonadecane • . 


C19H40 


32. 


777 


32. 


330- 


M 


Eicosane. • . . 


C«)H43 


37- 


778 


37. 


121.1 

1 29. J 


II 


Heneicosane . . 


CtlH44 


40. 


.778 


40. 


M 


^ Docosane . • . 


CttH4e 


44. 


.778 


44. 


136.5J 
142.51 


M 


Tricosane . . . 


CtaH48 


48. 


779 


48. 


N 


Tetracosane . . 


C«4H»o 


&. 


779 


&. 


243-I 


M 


Heptacosane . . 


CstHm 


.780 


172.5 


M 


Pentriacontane 


CaiHa* 


68. 


.781 


68. 


I99f 


M 


Dicetyl .... 


Ca2H6e 


70. 


.781 


70. 


205.} 


M 


Penta-tria*conUne 


CuHn 


75. 


.782 


75- 


331.1 


M 


1 
1 


(b) i 

• 


DIefines, 


, or the Ethyleni 


s Series > C^I^ 


f«.- 


Ethylene . . . 


Q1H4 


^ 


a6io 


-169. 


—103. 


Wroblewski or Olszewski. 


Propylene . . . 
Butylene. . • . 


CaHe 


- 


- 




— 5a2 


Ladenburg, Kriigel. 


C4Ha 


— »3-5 


•635 


— 


I. 


Sieben. 


Amylone . • . 


CsHio 






- 


e 


Wagner or Saytzeft 


Hezylene . • . 


CaHia 





76 


— 


Wreden or Znatowicz. 


Heptylene . • . 


C7H14 


195 


703 


- 


96.-99. 


Morgan or Schorlemmer. 
MosHnger. 


Octylene. . . . 


CaHia 


17. 


.722 


- 


1 22.- 1 23. 


Nonylene . . . 


C9H18 


20. 


.767 


- 


140.-142. 


Beilstein, " Org. Chem." 


Decnrlene . • . 
Unaecylene • . 


CioHfo 


■• 




- 


175- 


II II M 


CiiHjB 


2a 


773 


— 


196.-197. 


M II M 


Dodecylene • . 


CisHs4 


— 3»- 


795 


— 3». 


212.-214. 


II M M 


Tridecylene . . 


CiaHja 


15- 


774 




«33. 


Bemthsen. 


Tetradecylene . . 


C14H28 


—12. 


794 


—12. 


127.1 


Krafft. 


Pentadecylene . . 


CisHao 


- 


^14 


- 


247. 


Bemthsen. 


Hexadecylene . . 


CieHaa 


4- 


.792 


4« 


1554 


Krafft, Mendeleje^ etc 


Octadccylene . . 


CiaHaa 


18. 


791 


18. 


1794 


Krafft. 


i Eicosylene . . • 


CtoH4o 





.871 


- 


390.-400. 


Beilstein, " Org. Chem." 


1 Cerotene . . • 


C17H54 


.- 


- 


58. 




Bemthsen. 


1 Melene .... 


CaoHeo 


" 




62. 


■ 


41 



* liquid at — ii.<> C. and 180 atmoapheres* pranure (CailletetX 

f «« •« ^ ^O «« •* 46 " II M 

I Boiling'porat under is mm. preasuraii 
f Ibtsoio. 






2^4 Table 244 {eMtinmd). 

DENSITIES, MELTING-POINTS, AND BOILING-POINTS OF SOME 

ORGANIC COMPOUNDS. 



Subsuuioe. 



Chemical 
formula. 



Temp. 
C°. 



Specific 
gravity. 



Melting- 
poinL 



Boiling- 
poinL 



Aatfaority. 



(c) Acetylene Series : C^H 



Acetylene . . . 
AUylene . . . 
£thylacetylene . 

Propvlacetylene 

Butylacetylene 

Oenanthylidene 

Caprylidene . 

Undecylidene . 

Dodecylidene 

Tetracfecylidene 

Hexadecylidene 

Octadecylidene 



C,H4 
C4H. 

C.Hs 
CeHio 

CgHu 

CiaHj22 
ChHm 

CieHjo 



— 9- 

+ 6.5 

20. 
30- 



0-77X 

.810 
.806 
.804 
.802 



-«i. I —85. 

+ 18. 

48.-50. 

68.-7a 

100.-101. 



— 9- 

+ 6.5 
20. 

30- 



133-134. 
2ia-2i5. 

I05.* 

134.* 
i6o.» 

184.* 



ViDard. 

Bniylants, Katsche- 
ron, and others. 

Bniylants, Taworskl 

TaworskL 

Beilstein, and otb- 
ers. 

BchaL 

Bniylants. 

Krafft. 
(( 

M 

a 



(d) Monatomic alcohols : C^H^^ [ ,QH. 



Methyl alcohol 
Ethyl alcohol . 
Propvl alcohol 
Butyl alcohol . 
Amyl alcohol . 
Hexyl alcohol 
Heptyl alcohol 
Octyl alcohol . 
Nonyl alcohol 
Decyl alcohol 
Dodecyl alcohol 
Tetradecyl alcohol 
Hexadecyl alcohol 
Octadecyl alcohol 



CHaOH 

CaHfiOH 

CsHtOH 

C4H9OH 

CfiHuOH 

CflHisOH 

C7H16OH 

CgHnOH 

CgHijOH 

C10H21OH 
Ci2H2aOH 
CX4H29OH 
CwHmOH 
CisHstOH 



o. 
a 
o. 
a 
o. 
o. 
o. 
o. 
o. 

+ 7. 
24. 

38. 
50. 

59. 



0.812 
.806 
.817 
.823 
.829 

IP 

.839 
.842 

.839 
.831 
.824 
.818 
.813 



— i3ot 



+7^ 

24. 

38. 
50. 

59- 



66. 

78. 

97- 

i3»' 

176. 

*9S- 
213. 

231. 

M3-* 
i67.» 

i9o.» 

211.* 



From Zander, ''Lieb. 
Ann." vol. 224, p. 85, 
and Krafft, "Ber.* 
vol. 16^ 1714, 

" 19, 2221, 

" 23.2360, 
and also Wroblew. 
ski and Olszewski, 
" Monatshefte," 
vol. 4, p. 338. 



(e) Alcoholic ethers : C^H,^^,0. 



Dimethyl ether . . 

Diethyl ether . . . 
Dipropyl ether . . 
Di-iso-propyl ether . 
Di-n-bntyl ether . , 

Di-sec-butyl ether . 
Di-iso-butyl " 
Di-iso-amyl " 
Di^ec-hexyl ** 

Di-norm-octyl ** 



CaHeO 

C4H10O 
C6H14O 
CeHnO 
CsHibO 

CsHisO 
CsHigO 
C10H22O 
C13H26O 

CmHmO 



— 


- 


- 


— 23.6 


4- 


0.731 
•763 


— 117 


+ 34.6 


0. 


— 


90.7 


0. 


•743 


- 


69. 


0. 


.784 


— 


141. 


21. 


.756 
.762 


« 


121. 


15- 


- 


122. 


0. 


.799 


- 


170.-17C. 
203.-208. 


"- 


"■ 


— 


17- 


&><, 


- 


280.-283. 



Erienmeyer, Kreich- 

baumer. 
Regnaalt, Olszewski 
Zander and others. 

M 

Lieben, Rossi, and 

others. 
Kessel. 
Reboul. 
Wurtz. 
Erienmeyer and 

Wanklyn. 
Moslinger. 



(f) Ethyl ethers : C„H,.^,0. 



Ethyl-methyl ether . . 
propyl " . . 
iso-propyl ether . 
norm-butyl ether 
iso-butyl ether . 
iso^imyl ether 



<« 

t« 

w 



a 
u 
(( 



norm-hexyl ether 
norm-heptyl ether 
norm-octyl ether 



CsHjO 
CffHiaO 
C5H12O 
CbHhO 
C«Hi40 
CtHwiO 

CgHiaO 
C9H20O 
C10H22O 



o. 

20. 

a 

a 

18. 



16. 
17. 



0.725 

0-739 

.745 
.769 

.764 



.790 
.794 



II. 
63.-64. 

54. 
78.-'8a 

112. 

I34.-I37. 
165, 

i82»-i84. 



Wurtz, Williamson. 
Chancel. Bruhl. 
Markownikow. 
Lieben, Rossi. 
Wurtz. 
Williamson and 

others. 
Lieben, Janeczek. 
Cross. 
Moslinger. 



* Boiline-point ander 15 mm. preuure. 

t Liqttidat ^ii.° C« and 180 aunoai^ret* preuurQ (Cailletet). 



S«miMNiaii TAikMi 



Table 244 {cpmehuUdh 

DENSITIES, MELTING-POINTS, AND BOI LINO-POINTS OP 

SOME ORGANIC COMPOUNDS. 

(I) 
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Density and 
temperature. 


■ 

Melting- 
point, C. 


Boiline- 
point, C. 


Authority. 


Acetic Add . . 


CHgCOOH 


1. 115 


o« 


16.7 


1 18.5 


Young '09 


Acetone .... 


CHaCOCHi 


0.812 


o« 


—94.6 


56.1 


• 


Aldehyde . . . 


CjH40 


0.806 


.o« 


— 12a 


+ 20.8 




Aniline . . . . 


CeHsNHs 


1.038 


qO 


—8. 


183-9 




Beeswax .... 






62. 






Benzoic Add . . 


CtHbOji 


1.293 


4 


121. 


249. 




Benzol .... 


CeHe 


0.879 


20 


A^ 


80.2 


Young 


Benzophenone . . 


(C«H6)2CO 


1. 090 


SO 


3059 


Holbom- 














Henning 


Butter . . . . 




a86-7 




30.± 






Camphor . . . 


CioHieO 


0.99 


10 


176. 


209. 




Carbolic Add . . 


CeHsOH 


1. 060 


21 


43- 


182. 




Carbon bisulphide 


CSa 


1.292 





— no. 


46.2 




" tetrachlor- 














ide 


CCI4 


1.582 


21 


—30. 


76.7 


Young 


Chlorbenzene . . 


CeHjCl 


I. Ill 


15 


—40. 


61.2 




Chloroform . . . 


CHC1» 


1.257 





-65. 




Cyanogen . . . 
Ethyl bromide . . 


C»N2 






—35. 


— 21. 




CjHjBr 


1-45 


'1 


—117. 


38.4 




„ chloride . . 


CaHfiCl 


0.918 


— 141.6 


14. 




„ ether . . . 


C4H10O 


0.736 





—118. 


34.6 




„ iodide . . 


CsHsI 


1.944 


14 




7^ 




Formic acid . . 


HCOOH 


1.242 





8.6 


IC0.8 




Gasolene. . . . 




0.68 -t 






70-90 




Glucose . . . . 


CHO(HCOH)4CHaOH 


1.56 




146. 


% 




Glycerine . . . 


CgHsO, 


1.269 





20. 


290. 




Iodoform . . . 


CHI, 


2.25 


25 


"?• 






Lard 








38.± 






Methyl chloride . 


CHgCl 


0.992 - 


-24 


—103.6^ 


—24.1 




Methyl iodide . . 
Napthalene . . . 


CHsI 


2.285 


15 


— 64. 


42.3 




C,H4C4H4 


1. 152 


IS 


80. 


218.0 


Holbom- 














Henning 


Nitrobenzol . . . 


CeHsOaN 


1.212 


7-5 


5- 


211. 




Nitroglycerine . . 


CsHsNsOg 


1.60 










] Olive oil . . . . 




0.92 






30o=t 




Oxalic add . . . 


C2Ha04-2H20 


1.68 




*2^ 






Paraffin wax, soft . 








3»-S2 


350-390 




•* hard 








52-56 


390-430 




Pyrogallol . . . 


CeH8(OH)8 


1.46 


40 


133- 


293- 




Spermaceti . . . 








45-± 






Surch . . . . 


C.HioO, 


1.56 










Sugar, cane • . . 


CmHssOii 


1.588 


20 




]6a 




Stearine . . . . 


(Pi8Hm02)8C8H5 


0.925 


65 








Tartaric acid . . 


C4He()e 


1754 










TaUow, beef . . 








40-45 






" mutton . 








44-45 






Toluene . . . . 


CeHfiCH, 


0.882 


00 


—92. 


11:. 




Xylene (0) . . . 


C«H4(CH8)i 


0.863 


20 


—28. 


142. 




- (m) . . . 


<( 


0.864 


20 


54. 


140. 




« (p) . . . 


M 


0.861 


20 


15- 


138. 





8iiiTMsoNiAii Tables. 



Taslc 240. 
LOWERING OF FRBBZINC-POINT8 BY 8ALT8 IN SOLUTION. 
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the first column b ^ven the number of ffram-molecules (anhydrous) dissolved in 1000 grams 
of water ; the second contains the molecuuir lowering of the freezing- point ; the freezins-point 
is therefore the product of these two columns. After the chemical formula is given the molecular 
weightt then a reference number. 



iTH^O 




OuOOOJOS 

.001204 
.003805 
MSS70 

•0*737 

.5015 

0000583 
.001259 
JOO26S1 
JOOW2 
.000352 

Oi(NO,V ^36.5: 
OLOO298 

JO0689 

-01997 

-04873 

AffNO^ 167-0: 4* 

01506 

n 



I. 



5-5^ 

5-30 

5->7 

4^97 

4.69 
3.99 

S28 

523 
5-13 
5^ 

S.4* 
5.18 



g. mol. 
f H,0 








1-749 




0.0560 
.1401 

.3490 
KNQi.toi.9: 6,7. 
OOIOO 
X>300 
JO5OO 
.100 



00500 3.47' 

.1000 3.42 

.2000 3.32 

*5oo 3.26 

1.000 3.14 

LINO„6cL07: 9. 

0.0398 3-4** 

•1071 3-35 

4728 3.35 

1.0164 349 



AM80«]b*S4M: >o. 




.J50 
.500 

.750 
IXXX> 

IISNO^. 85.09! 

ObOlOO 

.0250 
.0500 



.500 
.5015 

1.000 

1.0030 

0X>I0O 

.0250 



3-32^ 

2.06 
2.87 
2.27 
1.85 
1.64 
3.82 

3.28 

3-5 
>S 
341 
331 

3.08 

2.81 
2.66 

''^3^6P 
346 
3-44 
3-349 
3-24 
3-30 
3.15 
3.03 

• Of o« 

3.e» 
3.50 



0.01JI 
.0261 
.0 
.1 
.217 

Cd80«. 

aooo704 

J0026SS 

J01151 

.03120 

•M73 
4129 
.7501 
1.253 



ao6.s: i| ii. 



5.6» 

4-9 
4-5 

3.83 



g. moL 
1000 g. H|0 




_f. raoK_ 
1000 g. Ht^ 






3-35 

3-55 
2.69 

2.42 

1.80 



04978 
.8112 

1-5233 

BaCl,, ao8.3 : 
0.00200 
.00498 
.0100 
.0200 
.04805 
.100 
.200 
.500 
.586 
.750 

CdCls, 183.3 *• 
O.C0299 
.00690 
.0200 
.0541 
.0818 
.214 






3i>4« 




XtSO«,i74^3.5«6,>o,ia 



000200 

.0200 
^500 
.1000 
.200 

454 



5.4** 

5-3 

4.76 

4.60 

432 
4.07 

3-87 



Cii80«, IS0.7'- it4. II- 



0000286 
.000843 
.002279 

x>o6670 

^1463 
.1051 

.2074 
104: 




MgSOi, iao4 

0000675 
.002381 
x>i263 
.0580 
.2104 



3-3'' 

3»S 

303 
2.79 

2.50 

2.28 

1.84 
1.76 

3-29 
3.10 

2.72 

2.65 

2.23 



1.072 

CuCls, 134.5: 
0.0350 

•1337 
-3380 
.7149 

CoClf, lag^ : 
00276 
.1094 

•2369 
4399 
-538 

CaCl,, IZZ.0: 
0.0 1 00 

.05028 
.IC06 

.5077 
.946 

2.432 

3469 
3.829 
0.0478 

•153 

.612 
.998 



2.02®' 

2.01 

2.28 

Sf6, 13. 

5-5** 

5-2 

5-0 

4.95 
4.80 

4.69 

4.66 

4.82 

5-03 
5.21 

4.8 

4.64 

4.11 

393 

3-39 

3-03 
2.71 

2-75 

4.Q0 
4.81 
4.92 

5-32 

5.00 

4.9 
503 
5-30 
5-5 
13-16. 

4.85 

4-79 
5-33 

tl 

11.5 
14.4 

5-2 
4.91 

515 
547 
0.34 







MgC\t,9S-^' 6, 14. 

aoioo 5.1^ 

.0500 4.98 

.1500 4.96 

5.186 

5-69 

KCl, 74.00: 9, 17-19. 

0.02910 3.54** 

•05845 346 

.112 3.43 

•3>39 341 

470 3-37 

1. 000 3.286 

>-989 325 

3-269 3-25 

NaCU 58.50: 3, ao, la, 16. 

0.00399 3.70 

.01000 3 67 

.0221 3.55 

.04949 3-5' 

.1081 3.48 

^325 3-42 

.4293 3.37 

•700 3.43 

NH4CI. 53.52: 6, 15. 

0.0 1 00 3.6® 

.0200 3.56 

•0350 3-50 

.1000 3.43 

.2000 3.396 

.4000 3.393 

.7000 3.41 

LiCl, 49.48: 9, 15. 

0.00992 3.7® 

-0455 35 

•09952 3-53 

•2474 3-50 

.5012 3.61 

•7939 3-71 
BaBn, 297.3 : 14. 

O.ioo 5.1® 

.150 4.9 

.200 5.00 

.500 5.18 

AlBr.t, 267.0 : 9. 

6.0078 1.4® 

.0559 1.2 

.1971 1.07 

•4355 >07 



i 
I 



I llMwrilh, Abo. Phvt. 9, loca. 

f UbhBe>No9es, Z. rhy. Ch. 6, 189a 

I Jtock Z. nvm. Ch. 11, 1 893. 

4 MOdK, Z. fo^g^^' *> i^- 
Antamoftt Z* xTijfS. Co. 9i tooo. 
Iwnii, Wied. Ami. 57, 189& 
liMt. Am. Chcm. J'ijt 19M. 

- JyiCiWmn, Am. Chem. J. ss, 1901. 

9 Ntt, Z. Pbyt. Ch. 40, 1909. 

■B Jwffi Maclriy, Am. Chem. J. i9« 1 
Compiled from Lai ' 



tt-B0n»teiii-] 



II Kahlenberg, J. Phy«. Ch. 5. 1901. 
la Abec:g, Z. Phys. Ch. ao, 1896. 

13 Jones-Getman, Am. Ch. J. 27, 1909. 

14 Tones-Chambers, Am. Ch. J. 23, 190a 

15 Loomis, Wied. Ann. 60, 1897. 

16 Rooiebonm, Z. Phrs. Ch. 4, 1889. 

17 Raoult, Z. Phv«. Ch. 27, 1898. 

18 Rolof!. Z. Phys. Ch. 18, 1895. 

19 Kistiakow^ky. Z. Phys. Ch. 6, 189a 
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•WTHMNIIIH TftlLE*. 



Tablk 247. 229 

RISE OP BOILING-POINT PRODUCED BY SALTS DISSOLVED IN WATER.* 



_ table t^rt* the number of xnms of the salt which, when dissolved in 100 grams of water, will raise the boil- 
ing-potnt by the amount stated in the headings of the different columns. The pressure is supposed to be 76 
centimeters. 



Salt. 


1°C 


20 


9P 


40 


6" 


70 


100 

.5 rise 


16° 


SQO 


M'^ 


BaCl2 + 2HjO . 


To 


311 


47-3 


63-5 


1 
(71.6 gives 40 


of temp.) 




CaClj 


11.5 


16.5 


21.0 


ets 


32.0 


41.5 


55-5 


6gjo 


84-5 


Ca(NOj), -h 2HaO . 


12.0 


25.5 


n.6 
x8.o 


53.5 


ior.o 


152.5 


240.0 


331-5 


443-5 


' KOH 


4-7 


9-3 


17.4 


20.5 


26.4 


34.5 
03-5 


47.0 


57-5 


67.3 


KCsHsOs . 


6x> 


12.0 


24.5 


31.0 


44.0 


98.0 


134,0 


171.5 


KCl . . . . 


9.2 


16.7 


23.4 


29.9 


36.2 


48.4 


(574 


pves a rise of 80.5) | 


KsCOs 


11.5 


22.5 
27.8 


32.0 


40.0 


47-5 


60.5 


78.5 


103.5 


127.5 


152.5 


KClOt 


13-2 


44.6 


62.2 














KI . . . . 


15.0 


30.0 


45.0 


60.0 


74.0 
82.0 


99-5 


188.5 


185.0 
338.5 


(220 gives 180.5) II 


KNOt 


15.2 


31.0 


47-5 


64.5 


120.5 






K,C4H40. + iH,0 . 


18.0 


36X) 


54.0 


72.0 


90.0 
84.8 


126.5 


182.0 


284.0 






KNaC4H40« . 


17.3 


34-5 


84.0 


68. 1 


1 19.0 


171.0 


272.5 


390.0 


510^5 


KNaC4H40« + 4H1O 


25.0 


53-5 


1 18.0 


157.0 


266.0 


554.0 


5510.0 






UCl .... 


n 


7.0 


10.0 


12.5 


15.0 


20.0 


26.0 


35.0 


42.5 


J0.0 
1S0.5 


UCl -f 2HjO . 


13.0 


19.5 


26.0 


32.0 


44.0 


62.0 


92.0 


123X> 


MgCl2 + 6H,0 . . 


1 1.0 


22.0 


3JO 
13^.0 


440 


55.0 
262.0 


77.0 


iiao 


170.0 


241.0 


334.5 


MgS04 4- 7HaO 


41.5 


87.5 


196.0 












NaOH 


u 


8.0 


"•3 


M-3 


17.0 


22.4 


30.0 


41.0 


51.0 


6ai 


NaCl .... 


12.4 


17.2 


21.5 


48.0 


33-5 


(40.7 


jivcs 8*^.8 rise) 




NaNOs 


9-0 


18.5 


28.0 


380 


oe.o 


99-5 


156.0 


222.0 




NaCHgO, + 3H2O . 


14-9 


30.0 


46.1 


62.5 


79-7 


118.1 


194.0 


480.0 


6250.0 




Na«S,Os . 


14.0 


27.0 


39-0 


ti 


59-0 
85-3 


77.0 


104.0 


152.0 


214.5 


3".o 


Na,HP04 . 


17.2 


34.4 


68!2 








• 




Na,C4H4()« + 2HsO . 


^'i 


44-4 


93-9 


121.3 


183.0 
216.0 


(237-: 


1 gives 8^.4 rise) || 


NajSjOs + sHfO . 


23^ 


50.0 


78.6 


108. 1 


139-3 


4oao 


1765.0 






NatCOg -f ioH,0 . 


34.1 


86.7 


177.6 


&^ 


1052.9 












Na,B407 + loHjO . 


39- 


93-2 


254.2 


(5555-5 


gives 4^.5 rise) 






NH4CI 


6.5 


12.8 


19.0 


24-7 


29.7 


39.6 


56.2 88.5 






NH4NO8 . 


lao 


2ao 


30.0 


41.0 


52.0 


74-0 


108.0 172.0 


248.0 


337.0 


NH4SO4 . 


154 


30.1 


44.2 


58.0 


71.8 


99-1 


(115.3 gives 108.2) 




SrOa -h 6H»0 . 


2ao 


40.0 


60.0 


81.0 


103.0 


150.0 


234.0 


524.0 






Sr(N08)a - 


24.0 


45.0 


63.6 


81.4 


07.6 
87.0 












C4Ha06 


17.0 


34.4 


52.0 
62.0 


70.0 
86.0 


123.0 


177.0 


272.0 


374.0 


484.0 


CjH,04 -h 2HjO . 


19.0 


40.0 


1 1 2.0 


i6q.o 


262.0 


540.0 


13 1 6.0 


50000.0 


CtHgOT -f HtO 


29.0 


58.0 


87.0 


1x6.0 


145.0 


208.0 


320.0 


553-0 


952.0 




Salt 


400 


60° 


MO 


lOQo 


IMP 


140° 


I6O0 


I8O0 


2000 


240O 


CaCl« . 


J37S 


222.0 


314.0 
















KOH . 


92.5 


12X.7 


152.6 


185.G 


) 219.8 


263.1 


3".5 


375-0 


444.4 


623.0 


NaOH 


682.0 


150.8 


230.0 


345-c 


1 526.3 


80OX 


» X333-0 


23530 


6452.0 


- 


NH4NOg . 


1370.0 


2400.0 


4099.C 


► 8547.0 


» 00 










C4H.(). . . 


980.0 


3774.0 


(infinity gives 


170) 






• 







* Compil«d from a papar by Garlachi " Zdt f. AnaL Chtn.*' voL s& 
iarrNMNtAN Tablis. 
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TAM.B ft48. 



FREEZING MIXTURES/ 

Column I givM the name of the prindiMil refrigeimtinc substance, A the proportion of that safaelanee, B the prapo^ 
tion of a second substance named in the column, Cthe proponion of a third substance, D the temperature of the 
substances before mixture, S the temperature of the mixture, F the lowering of temperature. G the temporatne 
when all tnow is melted, when snow is used, and // the aoMMnt of heat absorbed in heat onits (small calonca when 
A is grams). Temperatures are in C^ntigrside degrees. 



Substance. 


A 


B 


C 


D 


E 


F 





H 


NaCaHsOs (cryst.) 


8S 


HtO-ioo 


. 


ia7 


— 4-7 


\n 


. 


^ 


NHiCl. 


30 


M 44 


- 


»3-3 


— S-i 


- 


— 


NaNOs. 


75 


«4 44 


- 


13-2 


ztl 


X8.5 


- 


— 


NasSiOa (cryst) . 


no 


M 44 


- 


10.7 


X8.7 


- 


— 


KI. . . . 


140 


(4 M 


— 


10.8 


— IX.7 


22.5 


— 


— 


CaCla (cryst.) 
NH4NOS . 


^S 


44 44 
44 44 


"• 


laS 
13,6 


— 13-6 


232 

27.2 


^ 


— 


(NHOaSO* . 


25 


" SO 


NH4NOa-2S 


- 


— 


26.0 


- 


— 


NH4CI . 


25 


44 44 


14 44 


— 


— 


22.0 


— 


— 


CaCla . 


as 


44 44 


44 44 


- 


- 


20JO 


— 


— 


KNOs . 


25 


44 44 


NH4CI-25 


- 


- 


2ao 


— 


— 


Na2S04 


25 


44 44 


4i 44 


- 


- 


19.0 


— 


— 


NaNOa. 


25 


41 44 


14 a 


- 


- 


X7.0 


— 


— 


KaS04 . 


10 


Snow 100 


- 


— I 


— 1.9 


0.9 


— 




NaaCOa (cryst.) . 


20 


M 44 


- 


— I 


— 2.0 


X.O 


- 


— 


KNOa . 


13 


a 44 


- 


— X 


-2Ss 


X.85 


- 


- 


CaCla . 


30 


44 44 


- 


— I 


— X0.9 


9*9 


- 


— 


NH4CI . 


25 


41 44 


- 


— I 


— iS-4 

— 16.75 
— 1775 


14-4 


- 


- 


NH4NOa 
NaNOa. 


45 
50 


44 44 
44 44 


• 


"■* X 


«S7S 
10.75 


^ 


^ 


NaCl . 


33 


44 44 


- 


— X 


— 2X.3 


20.3 


- 


— 




I 


•• 1.097 


- 


— • X 


— 37-0 


36.0 


— 37.0 


oo 




I 


" 1.26 


• 


— I 


— 36^ 


350 


— 30.2 


17.0 


HaS04+HaO 


I 


" 1.38 


— 


— X 


— 350 


34.0 


— 25.0 


27-0 


(66.1 % HaSOi) ' 


I 

I 


2.52 

" 4.32 


-. 


— ' I 


— 30X) 

— 25.0 


29.0 
24.0 


— 12.4 
— 7.0 


133-0 




X 


" 7-92 


— 


— X 


— 20.0 


19.0 


— 3' 


553-0 
967.0 


» 


I 


" 1308 


- 


— X 


— 16.0 


15.0 


— 2.1 




I 


- 0-3S 


- 





— 


— 


0.0 


52.x 




I 


" .49 
•* .61 


— 





— 


— 


--X9.7 


49-5 




I 


— 





— 


— 


— 390 


40.3 


CaCIa + 6HaO 


I 
I 


" .70 


.. 






: 


^ 


— 54-9t 

— 40.3 


30.0 
46A 




I 


« 1.23 
" 246 


- 





- 


— 


— 21.5 


88.5 




I 


- 





- 


— 


— 9.0 


192-3 


t 


X 


" 4.92 


— 





— 


— 


— 4.0 


392-3 


Alcohol at 4** 


77 


" 73 

COaSoUd 


^ 





— 30.0 

— 72.0 


^ 


^ 


^^ 


Chloroform . 


- 


44 U 


^ 


— 


— 77.0 


- 


— 


_ 


Ether . 


-. 


44 44 


— 


. 


— 77.0 


— 


— 


~ 


Liquid SOa • 


- 


44 41 


- 


- 


— 82.0 


- 


- 


- 






HaO-.7s 


- 


20 


5.0 


— 


— 


33-0 






" .94 


- 


20 


— 4X) 


— 


— 


21.0 






41 44 


- 


xo 


— 4.0 


— 


- 


34-0 






M 44 


- 


5 


— 4.0 


— 


- 


40.5 






Snow " 


— 





— 4.0 


— 


- 


X22.2 


NH4NOa . 




HaO-i.zo 


- 


10 


— 14.0 


- 


- 


X7.9 






Snow " 


- 





— 14.0 


— 


- 


129.} 
10.0 






HaO-1.31 


- 


xo 


— ^7-5t 


— 


- 






Snow " 


- 





— i7.5t 


- 


- 


X3X.9 






H2O-3.61 


- 


10 


— 8.0 


- 


- 


04 


k 




Snow " 







— 8.0 






327-0 



* Compiled from the results of Caillttet and Colardeau, Hammerl; Haoamann, Morits, Pfanndler, Rndorf, and 
Tollinger. 

t Lowest temperature obtained. 

Smithsonian Tablcs. 



Tamc 240, 



231 



CRITICAL TEMPERATURES, PRESSURES, VOLUMES, AND DENSITIES OP 

OASES.* 

$ sa Critical temperature. 

P = Critical pressure in atmoepheres. 

= Critical volume referred to volume at o® and 76 centimeters pressure* 

d =B Critical density in grams per cubic centimeter. 

a, b, Van der Waals constanto in (p + -^J Tv — bj-ai + at. 



Subatuos. 


• 


P 


^ 


d 


• X ro» 


bXio* 


Obterrar 


Air ... 
Alcohol (CsHeO) . 


— 140.0 
2436 


62.76 


0.00713 


0.288 


257 
798 


1560 
3769 


I 

2 


- (CH4O) . 
Ammonia 


a39-9S 
130.0 


78.5 
115-0 


. 


— 


2992 
1606 


3 

4 


Argon 


"^11-^ 


529 


- 


- 


259 


1348 


5 


Benzol . 


288.5 


47-9 


— 


0.305 


3726 


5370 




Bromine 


302.2 




0.00605 


1.18 


1434 


2020 


Carbon dioxide 


312 


73- 


0.0044 


046 


717 


1908 


mm 


** monoxide . 


— 141.1 


35.9 
78.1 




- 


275 


1683 


I 


** disulphide 


277.7 


- 


- 


2197 


3227 


Chloroform 
Chlorine 


260.0 
141.0 


^'9 


— 


"■ 


2930 

1063 
3490 


4450 
2259 


9 

4 


M 

• • . 


146.0 


935 


— 


— 


2050 


10 


Ether . 


197.0 


35-77 


0.01584 


a208 


6016 


II 


M 


194.4 


35-61 


0.01344 


0.262 


3464 


6002 




Ethane . 


32.1 


490 


— 


- 


1074 


2848 


12 


Ethylene 


<— 268!o 


51.1 


— 


- 


886 


2533 


- 


Helium . 


— 


— 


- 


5 


^ 


13 


Hydrogen . . 


—240.8 


14. 


- 


- 


42 


14 


" chloride . 


51.25 


86.0 


- 


- 


692 


1726 


15 


M «* 


52.3 


86.0 


- 


a6i 




1731 




« sulphide . 


100.0 


88.7 


— 


- 


808 


X926 




Krypton 
Methane 


— 62.5 
— «x.8 


54-3 
54.9 


_ 


. 


462 
376 


1776 

1557 
1625 






-95.5 


50.0 


— 


— 


357 




rv eon 


<— 205.0 


29. 


— 


— 


— 


- 


5.13 


Nitric oxide (NO) . 


-93-5 
— 146.0 


71.2 


- 


— 


257 


T160 




Nitrogen 


35-0 


— 


044 


259 


1650 


I 


** monoxide 
















(N,0) 


35-4 
— ii8.« 

1554 
358.1 


75.0 


0.0048 


a4i 


720 


1888 


4.17 


Oxysen . 

Sul]Miur dioxide • 


50.0 
78.9 


0.00587 


0.6044 
0.49 


273 
1310 


1420 
2486 


I 
9.17 


Water . 


- 


0.001874 


0.429 


- 


- 


6 


•• . . . 


374. 


217.5 


" 


■ 


1089 


1362 


16 



(1) Olszewski, C. R. 98. 1884; 99, 1884; 100, 

1885; Beibl. 14, 1890; Z. Phys. Ch. 16, 

1893- 

(2) Ramsay- Young, Tr. Roy. Soc. 177, 1886. 

(3) Young, Phil. Mag. 1900. 

(4) Dewar, Phil. Mag. 18, 1884 ; Ch. News, 84, 

1901. 

(5) Ramsay, Travers, Phil. Trans. 16, 17, 1 901. 

(6) Nadejdine, Beibl. 9, 1885. 

(7) Wroblewski, Wied. Ann. 20^ 1883 ; Stz. 

Wien. Ak. 91, 1885. (17) Cailletet,C. R. 102, 1886; 104 

(8) Hannay, Pr. Roy. Soc. 32, 1882. 

•Abridged for the iSott piirt from Landolt and BOrastein't "Phjt. Chem. Tab.** 
ttwTNeoiiiAii Tabus. 



(9) Sajotschewsky, Beibl. 3, 1879. 

(10) Knietsch, Lieb. Ann. 2^9, 189a 

(11) Batelli, Mem. Torino (2]f, 41, 1890. 

ii2) Cardozo, Arch, sc phvs. 30, 191a 
13) Kamerlingh-Onnes, Comno. Phys. tab. 
Leiden, 1908, 1909, Proc Amst ii, 
1908, C. R. 147, 1908. 
(14) Olszewski, Ann. Phys. 17, 1905. 

iiO Ansdell, Chem. News, 41, 1880. 
16) Holborn, Baumann Ann. Phys. 31, loia 
' - "' ^ - — , 1887. 



3X3 Table 280. 

LINEAR EXPANSION OF THE ELEMENTS. 

In the heading of the columns / ia the temperature or range of tempcraluie ; C ia the 
of linear expanaiuii ; Ai is the authutity for C; M ia [he mean coeftiEieiil of expansio. 
o" and loo* C; a and % ate the coefficients in the equation /, = /„{! + «' -|- Bft), i 
the length at o" C. >nd/|lhc length at ^ C.j if ■ is the authority for a, fi, and J/. 



I Fizeau. 4 Heoning, 8 Holbom-fiay. ii Hamn. 

a Calvert, John»<m ; Diitenberger. 9 Benoit. 13 Spring. 

and Loire. Matthietsen. 10 Piaati and De 13 Day and 

3 Chalelier. 7 Andrews. Franchis. man. 

Iibic hu becB \iaiffaim&tA fm<a Ibe rmtn pnbHrficd br FitcaD, "Compu* Rendn," *id. 



L'i.,... 



TABLE 251. . 233 

LINEAR EXPANSION OF MISCELLANEOUS SUBSTANCES. 

of cobical expsosioQ may be taken as three timeA the linear coefficient. / is the temperature or range 
of temi»eFature« C the coefficient of expansion, and A the aiithnritv. 



s— - 


/ 


CXio» 


A, 


1 Substance. 


/ 


CXio* 


A. 


Bnis: 








Platinum-silver ; 






Cast . 


O-IOO 


0.1875 


I 


lPt+2Ag 


O-IOO 


0.1523 


4 


Wire • 


M 


0.1930 


I 


; Porcelain 


20-790 


0.0413 


19 


^■" • • ■ 


M 


•1783-193 


2 


** Bayeux . 


IOOO-I400 


0.0553 


20 


7i.5Cu4-27.7Zn+ 








Quartz : 








ajSn-fasPb 


40 


0.1859 


3 


Parallel to axis 


0-80 


00797 


6 


7iCa+29Zn 


O-IOO 


0.1906 


4 


•< «t u 


— 190 to +16 


.0521 


21 


Bronze: 








Perpend." ** . 


0-80 


0.1337 


6 


3Cu+iSn . 


I6.6-IOO 


01844 


5 


; Quartz glass . 


— I90to+i6 


—.0026 


13 


M M 

• • 


16.6-350 


0.2116 


5 


1 Rock salt 


40 


0.4040 


3 


M M 

• • 


16.6-957 


0.1737 


5 


1 Speculum metal 


O-IOO 


0.1933 


I 


86.3Cu+9L7Sn-f- 








Topaz: 








4Zn 


40 


0.1782 


3 


Parallel to lesser 








97-6Cu-h 


( hard 
]aoft 


o-An 


01713 
0.1708 


6 


horizontal axis 


M 


0.0832 


8 


2.2Sn4- 


4t 


6 


Parallel to greater 








aiP 




horizontal axis 


44 


0.0836 


8 


Caootcbouc 


— 


.657-.686 


2 


Parallel to verti- 




*r 




M 

• • • 


16.7-25-3 


0770 


7 


cal axis 


44 


0.0472 


8 


CoDStantan 


4-29 


0.1523 




1 Tourmaline : 










2S-3-3M 


0.842. 


7. 


Parallel to longi- 








Fhiorspaur: CaF^ . 


o-ioo 


0.1950 
01836 


8; 


tudinal axis 


44 


00937 


8 


Gennan silver 


•( 


8' 


Parallel to hori- 








Gold-platinum: 








1 zontal axis 


41 


0.0773 


8 


2Au+iPt 


(4 


^'^S^Z 


4 


Type metal 


16.6-254 


0.19 W 


5 


Gold«opper: 








Vulcanite 


0-18 


0.6^00i22 1 


2Au+iCu 


l( 


01552 


4 


W edgwood ware . 


O-IOO ' 


00^90! 


1 
5 


Qan: 






1 


Wood : 








Tube . 


•( 


0.0833 


I 


Parallel to fibre : 








• • • 


II 


0.0828 


9 


Ash . 


44 


0.0951 


23 


Plate . 


M 


0.0891 


10 


Beech 


2-34 


0.0257 


24 


Croim (mean) 


a 


0.0897 


10 


Chestnut . 


(t 


0.0649 


24' 


M 


50-60 


0.09W 
0.07& 


11! 


Kim . 


(4 


0.0565 


24 


flint .. . 


M 


II 


Mahogany 


t( 


0.0361 
0.0038 
0.0492 


24 


Jenather- txfa \ 

Biometer normal) 


0-100 


0.081 


12 


1 Maple . 
' Oak . 


M 
II 


24 
241 


1 • S9" . 


M 


0058 


12 


Pine . 


II 


0.0 U I 
0.0058 


24 


I " •• . 


— 19110+16 


0424 


13 


Walnut . 


II 


24 


iGotta percha . 


20 


1.983 


14: 


Across the fibre : 








1 Im 

^* • • a • 


— 20 to — I 


051 


15 


Beech 


44 


0.614 


24 


= kdaiidspar: 

PtoaUeltoaxIs . 


0-80 


02631 




Chestnut . 
Kim . 


II 
II 


0.325 
0.443 


24 
24 


Fopendicnlar to 






1 


Mahogany 


II 


0.404 


24 


axis 


M 


0.0544 


6 


Maple 
Oak . 


14 


0.484 


24 


Laiitiii (solder) 








14 


0.544 


24 


aPb+iSn 


O-IOO 


0.2508 


I 


Pine . 


44 


0.341 


24 


■ Viiiialiiim 


12-39 


0238 


16 


Walnut . 


II 


0.484 


24 


1 i^ - - ' 


15-100 


0117 


17 


Wax: White . 


10-26 


2.300 


25 


1 nnfia • 


0-16 


1.0662 


18 


II 

• • 


26-31 


3.120 


25 


1 ■ 

■ • • • 


16-38 


1-3030 


18 


l< 

• • 


31-43 


4.860 


25 


■ H 

■ • • • 

1 •uliiiuu-iridiam 


38-49 


4-7707 


18 


14 

• • 


43-57 


I 5.227 


25 


1 loPt+iIr 


40 


0.0884 


3 








1 


1. t Smeaton. 


8 Pfaff. 




14 Kussner. 


20 Deville an 


d Troost. 


fl aVariQu. 


9 Deluc 




15 Mean. : 


II Scheel. 




f 1 jrueao. 


10 Lavoisier 


and Lapla 


ce. 16 Stndthagen. 


22 Mayer. 




' 1 4 M atihiaMen. 


II Pulfrich. 




17 Frohlich. ; 


S3 Glatzel. 




1 jDuidl. 
1 iBeaoit. 


12 Scbott. 




18 Rodwell. 


24 Villari. 




13 Henning. 




19 Braun. \ 


15 Kopp. 




1 7KoUniisdi. 
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Tabui 262. 



CUBICAL EXPANSION OP 80UD8. 



If va and tfi are the volumes at /« and /i respectively, then f^ = vi (i + Chi), C bemg die 
coefficient of cubical expansion and A/ the temperature interval. Where only a single temperature 
is stated C represents the true coefficient of cubical expansion at that temperature.* 



Substance. 


t or At 


CXio« 


- - ■ 1 
Amhority. 


Antimony 

Beryl 

Bismuth 

Copper 

Diamond 

Emerald 

Galena 

Glass, common tube . . 

" hard 

" Jena, borosilicate 

59 in . • . 

** pure silica . . . 

Gold 

Ice 

Iron 

Lead 

Paraffin ...... 

Platinum 

Porcelain, Berlin . . . 
Potassium chloride . . 

" nitrate . . 

*' sulphate . . 

Quartz 

Rock salt 

Rubber ...... 

Silver 

Sodium 

Stearic acid 

Sulphur, native . . . 

Tin 

Zinc 


O-IOO 
O-IOO 
O-IOO 
O-IOO 

40 

40 
O-IOO 
O-IOO 
O-IOO 

20-100 
^0-80 

O-IOO 

— 20- — I 

O-IOO 

O-IOO 

20 

O-IOO 

20 

O-IOO 
O-IOO 

20 

O-IOO 

50-60 
20 

O-IOO 

20 

33-8-45-5 
13-2-50.3 

O-IOO 
O-IOO 


0.3167 

0.01 oc 

0.3948 
0.4998 * 
0.0354 
0.0168 

0.558 
0.276 

a2i4^ 

0.156 
^aoi29 
0.441 1 
1.1250 
0.3550 

^1399 
5.88 

0.265— > 

0.0^4 

1.094 

1.967 

1.0754 
a3840 
1.2120 
4.87 

0.5331 

2.1364 

8.1 

2.23 

0.6889 

0.8928 


Matthiessen 

Pfaff 

Matthiessen 

M 

Fizeau 

Pfaff 

Regnault 
« 

Scheel 

Chappuis 

Matthiessen 

Brunner 

Dulong and Petit 

Matthiessen 

Russner 

Dulong and Petit 

Chappuis and Harker 

Playfair and Joule 

*^ 44 M 

Tutton 

Pfaff 

Pulffich 

Russner 

Matthiessen 

£. Hazen 

Kopp 

Matthiessen 

M 



* For tables of cubical expansion complete to 1876, see Clark's Constants of Nature, Smithsonian CoUectxona. 389. 
Smithsonian Tailks. 



Tablk 268. 
CUBICAL EXPANSION OP LIQUIDS. 
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If J^ is the volume at cP then at /° the expansion fonnula is K« = To (i + a/ + i8/« + 7/«). 
rhe table gives values of a, /3 and y and of C, the true coefficient of cubical expansion, at 20° 
iiir some liquids and solutions, A/ is the temperature range of the observation and A the 
uithority. 



Liquid. 



M 



M 






press 

M 



Acetic acid 
Acetone 
Alcohol : 

Amyl 

KthyU 30% by vol. 

99.3% 
•• 500 atmo. 

« 3000 *• 

Methyl . . . 

Benzol .... 

Bromine .... 

Calcium chloride : 

5.8% solution 

40.9% " 

Carbon disulphide . 
500 atroos. pressure 

3000 ** " 

Carbon tetrachloride 
Chloroform . . 

Ether 

Glycerine . . . 
Hydrochloric acid : 

53.3% solution . 
Mercury .... 
I Otive oil ... . 
Pentane .... 
Potassium chloride : 



24.3^ solution 
lol . . . 



Phenol 
Petroleum : 

Density a8467 . 
Sodium chloride: 

2a6% solution . 
Sodium sulphate : 

^4% solution . 
Sulphuric add : 

iojgf% solution . 

ioao% .... 

Turpentine . . . 

Water .... 



Ai 



16-107 
0-54 

•15-80 

18-39 

0-39 
27-46 

0-40 

0-40 

0-61 

11-81 

0-59 

l8-2f 

17-24 
-34-60 
0-50 
0-50 
0-76 
0-63 
.15-38 



0-33 

O-IOO 

0-33 

16-25 
36-157 

24-120 

0-29 

11-40 

0-30 

0-30 

—9-106 

0-33 



a 10^ 



1.0630 
1.3240 

0.9001 
0.2928 
0.7450 
1.012 

a866 
0.524 
1. 1342 
1. 1 7626 
1.06218 

0.07878 
0.42383 
1. 13980 
0.940 
0.581 

1.18384 
1. 10715 

1.51324 
0.4853 

0.4460 
ai8i82 
0.6821 
1.4646 

0.2695 
0.8340 

0.8994 

0.3640 

0.3599 

0.2835 

0.5758 

0.9003 

-0.06427 



^K^ 



0.12636 
3.8090 

0.6573 
10.790 

1.85 
2.20 



1.3635, 
1.27776 

1.87714 

4.2742 
0.8571 
1-37065 



0.89881 
4.66473 
2.35918 
0.4895 

0.215 
0.0078 
1. 1405 

309319 
2.080 

a 10732 

1396 

1.237 

1.258 

2.580 
■0.432 

1-9595 
8-5053 



y 10^ 



1.0876 
-0.87983 

1. 18458 
•11.87 
0.730 



0.8741 
0.80648 

.30854 



X.91225 



1-35135 
—1.74328 

4.00512 



Cio" 

Ut2CP 



1.6084 



0.4446 



-0.44998 
—6.7900 



1.971 
1. 487 

a902 



1-199 
1-237 
1.132 

0.250 
0.458 
1.218 



1-23^ 

1.656 
0-505 

0.4J55 
0.18186 
0.721 
1.608 



0.353 
1.090 

0.955 

0.414 

0410 

0.38 
0.55 

0.973 
0.207 



3 
3 

f 

6 
6 
I 
I 

Sa 

5a 

2 

7 

7 

4a 

I 

I 

4b 
4a 
8 

9 

13 
10 

14 

7 
II 

12 

9 
9 
9 

% 

13 



Authorities. 



I. Amagat: C. R. 105, p. 11 20; 1887. 
; 2. Thorpe : Proc. Roy. Soc. 24, p. 283 ; 1876. 

3. Zuider: Lieb. Ann. 325, p. 109; 1884. 

4. Pierre: a. Lieb. Ann. 56, p. 139; 1845. 

b. Lieb. Ann. 80, p. 125; 1851. 

5. Kopp ! a. Lieb. Ann. 94, p. 257 ; 1855. 

b. Lieb. Ann. 93, p. 129; 1855. 
61 Recknagel: Sitaber. bayr. Ak. p. 337, 2 
Abt.; 1866. 

7. Drecker : Wied. Ann. 34, p. 953 ; 1888. 

8. £mo : Ber. Chem. Ges. 16, 1857 ; 1883. 



9. Marlgnac : Lieb. Ann., Supp. VIII, p. 335 j 
1872, 

10. Spring : Bull. Brux. (3) 3, p. 331 ; 1883. 

11. Pinette: Lieb. Ann. 343, p. 32; 1888. 

12. Frankenhelm: Pogg. Ann. 72, p. 433; 

1847. 

13. Scheel : W.is8. Abh. Reichsanstalt, 4« p. i; 

1903. 

14. Thorpe and Jones 1 J. Chem. Soc 63, 

p. 273 ; 1893. 
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Table 264. 
COEFFICIENTS OF THERMAL EXPANSION. 

ftftt ff fllrtfll f f of ll»y«»f^f ff of GiBMa 

Pressures are given in centimeters of mercury. 



Coefficient at Constant Volume. 



Coefficient at Constant Pressure. 



Substance. 



Air 

a . 

• t 

M 

•* o*>-ioo<' ! 

it 

• * 

Argon . 
Carbon dioxide 



M 
41 
•i 
M 
(t 
«( 
tt 
u 



« 

" 0®-20® 

" o°-40* 

" o**-ioo° 

•* 0°-20® 

" o'^-ioo® 

" 0°-ICO° 



Carbon monoxide . 
Helium . 

Hydrogen i6°-i32° 
IS°-I32° 



I2*-l8 



" o^-ioo" 

Nitrogen 13**-! 32° 

0®-20* 
O®-10O** 



M 
(( 
41 
44 



Oxygen 11^-132 



44 
44 
(4 

44 
44 



9**- 1 32" 

11^-132® 



Nitrous oxide 
Sulph'r dioxide SOj 



Pressure 
cm. 



.6 

lO.O 

25-4 
75.2 

100. 1 
76.0 
200.0 
2000. 

1 0000. 

76.0 
1.8 
5.6 

74.9 
51.8 

51.8 

51.8 

99.8 

99.8 
100.0 

76. 

56.7 
.0077 
.025 

^7 

•93 
II. 2 

76.4 

loao 

.06 

'S3 
100.2 

100.2 

76. 

.007 

•25 
•S» 
1-9 
18.S 

Ik' 
76. 



Coeffi- 
cient 
X 
100. 



37666 
37172 
36630 
36580 
36660 

36744 
36650 

4100 
3668 
36856 

36753 
36641 
37264 

36985 
3^72 
36981 

37335 
37262 

37248 
36667 

366^ 

3328 
3623 

3656 
37002 

36548 
36504 
36026 

3021 
3290 

36754 
36744 
36682 

4161 
3984 

3831 

36683 

36690 

36681 

3676 

.3845 



^ 

OA 



Substance. 



I 
44 

44 

44 

4« 

2 I 

2 

44 

«4 

4 

3 
I 
44 



2 
«• 

4« 

44 
44 

5 
3 
4 

6 
44 

44 
I 

44 

44 

2 

6 

M 

2 
44 

7 

6 
44 

44 

8 
44 

44 

3 
44 



Air 
44 



" o«-ioo» . 

Hydrogen o®-ico* 
44 

C4 
44 
•4 

Carbon dioxide 

•* " 0°-20° 



44 
44 
44 

<4 
44 
4< 
44 
44 



44 

i 
44 

44 

44 

" 0®-20® 



0°-40*» 

o°-ioo** 

0'-20° 
0'*-I00° 



44 
44 



o**-ioo° 



o»-7.5° 
" 64*^-100° 
Carbon monoxide . 
Nitrous oxide 
Sulphur dioxide . 



44 



44 



o'*-ii9° 
o®-i4i° 



Water- i^o^^^^^ 
^*P°noO-200<» 



.o®-247'» 



Pressure 
cm. 



44 



44 



44 



76. 

257. 

lOO.I 

100.0 
200 Atm. 
400 
600 
800 

76. 

51.8 

51.8 

51.8 

99.8 

99.8 
1377 

m-7 
2621. 

2621. 

76. 
76. 
76. 

76. 
76. 
76. 

7& 



Coeffi- 
cient 
X 
100. 



3671 

3693, 
36728 

36600 

332 
29s 

261 

242 

3710 

37128 

37100 

37073 
37602 

37410 
37972 
37703 
1097 

6574 
3669 
3719 
3903 
3980 

4187 
4189 
4071 

3938 

3799 



S 

6 



2 
u 

9 

a 

44 

« 

3 

2 



44 

« 

6 

44 



a 

44 

10 

44 

U 
44 
44 



Thomson has given, Encyc. Brit. •• Heat," 
the following for the calculation of the ex- 
pansion, E, between o® and 100® C. Expansion 
IS to be taken as the change of volume under 
constant pressure : 

Hydrogen, E = .3662(1 — .00049 F/»), 
Air, £ = .3662(1 — .0026 y/v)^ 

Oxygen, /j=. 3662(1 — .0032 K/v), 
N itrogen, E = .3662 ( i — .003 1 V/v), 
COj -£^ = .3662(1 — .0164 y/v), 

y/v is the ratio of the actual density of the 
gas at 0° C to what it would have at o^ C and 
I Atm. pressure. 



1 Meleander, Wied. Beibl. 14, 1890; Wied. 

Ann. 47, 1892. 

2 Chappuis, Trav. Mem. Bur. Intern. Wts. 

Meas. 13, 1903. 

3 Regnault, Ann. chim. phys. (3)5, 1842. 

4 Keunen-Randall, Proc. R. Soc. 59, 1896. 



5 Chappuis, Arch. sc. phys. (3), 18, 1892. 

6 Baly- Ramsay, Phil. Mag. (5), 38, 1894. 

7 Andrews, Proc. Roy. Soc. 24, 1876. 

8 Meleander, Acta Soc. Fenn. 19, 1891. 

9 Amagat, C. R. in, 1890. 

10 Him, Th^orie m^c. chaleur, 1862. 



J 



Smithsonian TAikcs. 



Tables 255-257. 
MECHANICAL EQUIVALENT OF HEAT. 
TABLB 266. — Sumtzy of Oldv Wflsk. 
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from J. S. Ames, L'^quivalent mecanique de la chaleur. Rapports pr^sent^s au congr^s 

international du physique, Paris, 1900. 
Reduced to Gram-calorie at 20° C. (Nitrogen thermometer). 



Joule .... 


4.169 Xio^ ergs. 


* 
4.169X 10^ ergs. 


Rowland . . . 


4. 181 " *• 


4.181 " " 


Griffiths 


4.192 " " 


4.184 " ** 


Schuster-Gannon 


4.189 " *• 


4.181 " " 


Callendar-Bames 


4.186 ** " 


4.178 " " 



* Admitting an error of i part per looo in the electrical scale. 

The mean of the last four then gives 

1 gram (ao^ 0) oalozle = 4.181 x lO' trgi. See next uble. 

I giara (15O C.) calorie = 4.185 X xo' ergs assuming sp. ht. of water at aoP =0.9990. 



TIBLB a66.-U916.) BaitValM, BlMtilMaaBdMaehtBloalBqviTaltiitiof HMt 

Since the preparation of Dr. Ames' Paris report, considerable work has been done on the me- 
chanical equivalent of heat, including recomputations from the older measurements using better 
values for some of the electrical relations, etc Taking all the available material into account the 
U.S. Bureau of Standards has adopted, provisionally, the relation 

1 (20° 0.) |iimpoaloilo= 4.183 Intmatlaial alMtrlo jralti. 

No exact comparison between the results of electrical equivalent and mechanical equivalent of 
heat measurements can be made without exact knowledge of the relations between the Interna- 
tiona] and absolute electrical units. A recent absolute measurement of absolute resistance by F. 
£. Smith of the National Physical Laboratory of England indicates a difference of one part in 2000 
between the international and absolute ohms. Pending the general acceptance of some definite 
figure for this relation it is useless to fix upon a single vsdue to use for " J " better than about one 
part in a thousand. The value 

4.188 intMmatloBal lonltt = vnlMLj 4.184 msftlmnloaT JmlM. 

This value is made the basis of the following table. 



TABU 867.~aaiTtnlonftotazBfarn]ittsof Woik. 





Joules. 


Foot-pounds. 


Kilogram- 
meters. 


20O 

Calories. 


British ther- 
mal units. 


Kilowatt-hours. 


I Joule . , . . = 
I Foot-pound . = 
I Kilogram-meter — 
I 20^ Calorie . . = 
I British thermal 

unit ... — 
I Kilowatt-hour . = 


9.8o7« 
4.184 

1055. 
360000a 


0.7376! 

I 

3.^t 

778.3t 
2 655 ooo.t 


0.1020t 
0.1383 

1 
0.4267 t 

i07.6t 
367 ioo.t 


0.2390 
0.3240* 

2-344* 

I 

252.2 
86030a 


0.0009476 
0.001285* 
0.009293* 
0.003965 

I 

34". 


o.2778Xio-« 
0.3766X10 •• 
2.724X10-** 
1. 162X10 « 

0.0002931 
I 



The value used for g is the standard value. 980.665 cm. per sec. per sec. = 32.174 feet per sec. per sec. 
* The values thus marked vary directly with " g." 



t The values thus marked vary inversely with 
karrHsoNiAN Tablu. 



For values of " g ** see Tables 81-83. 
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Table 268. 
SPECIFIC HEAT OF THE CHEMICAL ELEMENTS. 



Element. 


KanKe*of 
Temperature, 


Specific 
heat. 


i .1 

I 


ElemanL 


Range* of 
Temuerature, 


1^ 


ii 


Aluminum 


— 250 


0.1428 


Iodine 


9-98 


0.0541 


*i 


• • 





.2089 


t( 


Iridium . 


—186- 4- 18 


.0^82 |36| 


it 




100 


.2226 


tf 


tt 

• 9 


18-100 


.0323 


m 


«« 




250 


.2382 


tt 


Iron, cast . 


20-100 


.1189 


s 


<« 




500 
16-100 


•2739 


«t 


•* wrought . 


15-100 


.1152 

.1989 


M 




.2122 


43 


ft tt 


1000-1200 


tt 


Antimony , 




>s 


.0489 


2 


ft tt 


500 


.176 


m 


u 




100 


•0503 


tt 


" hard-drawn 


0-18 


.0986 


*9 


(t 




200 


.0520 
.0^22 


tt 


M tt tt 


20-100 


.1146 


m 


Arsenic, gray . 
black . 


O-IOO 


3 


• • • 


—185-4-20 


•0958 


4 


O-IOO 


.0861 


M 


Lanthanum 


0-100 


.0448 


>5 


Barium 


—185- 4-20 


.068 


4 


Lead 


15 


.0299 


s 


Bismuth 


> • 


—186 / 


.0284 


1 


• § • 


100 


.0311 


« 


«< 


» • 





.0301 


ft 

• • • 


300 


•0338 


m 


i< 


■ • 


75 


.0309 


tt 


" fluid 


to 310 


•0356 


3? 


It 


■ • 


20-100 


.0302 


I 

9 


ff ft 


" 360 


W04IO 


tf 


fluid . 


280-380 


.0363 


ft 

• • • 


18-100 


•03096 


1? 


Boron 


O-IOO 


•307 


ft 

• • • 


16-256 


.03191 


Bromine, solid . 


— 78 20 


.0843 


10 


Lithium . 


^100 


•5997 


? 


fluid . 


13-45 


.107 


II 


«• 





•79S« 
•9063 


Cadmium . 


21 


.0551 


2 


M 


y> 


m 


(t 




100 


.0570 


ft 


<« 


100 


1.0407 


m 


<( 




200 


.0594 


ft 


<f 


190 


13745 




tt 




300 


.0617 


M 


Magnesium 


— ^85-4-20 


0.222 


4 


Cssium 




0-26 


.0482 


12 


ff 


60 


.2492 


r 


Calcium 




— i85--f2o 


•157 


4 


ff 


025 


'3^3S 


tt 




0-181 


.170 


13 


f( 


•435« 


m 


Carbon, graphite 


—50 


.114 


14 


ft 


so-100 


.2492 


tf 




+ 11 


.160 


tt 


Manganese 


60 


.1211 


«; 


tt « 

• 


977 


.467 


ft 


ft 


325 


.1783 


■i 


" diamonc 


I -so 


.0635 


ft 
t« 


M 


ao-100 


.1211 


m 


tt tt 

• 


+i' 


•"3 


ft 


—100 


•0979 


« 


a 41 

• 


985 


.459„ 


t« 


11^^ 





.1072 


Cerium 


O-IOO 


.0448 


:i 


f( 


100 


.»I43 


u 


Chlorine, liquid 


0-24 


.2262 


Mercury . 


—1 85- 4-20 


^32 ^ 


4 


Chromium 
ft 


— 200 



.0666 
.1039 


17 
ft 


ft 
ft 




85 


.03316 
x>328 


? 


«« 




100 


.1121 


ft 


tt 


100 


•03284 


• 


tt 




600 


.1872 


ft 


tt 


250 


X>3212 
.062 


m 


tt 




—185-4-20 


.086 


4 


Molybdenum . 


—185-4-20 


4 


Cobalt 




500 


.1452 


18 


«t 


60 


•0647 


I 


<i 




1000 


.204 


•f 


u 


475 


■0750 


tt 




—182-4-15 


.0822 


19 


ff 


20-100 


•0647 


m' 


tt 




15-100 


.1030 


ft 


Nickel ! i 


—185- +20 


^2 


.1 


Copper 




25 


0.0917 


44 


tf 


100 


.1128 


f( 




100 


.0942 


2 


ct 


300 


.1403 


M 


ft 




15-238 


.09510 


43 


M 


500 


:J6S 


•t 


ft 




900 


.1259 


20 


M 


1000 


V 


ft 




— I8I-4-I3 


.0868 


21 


tf 


18-100 


.109 


s6 


tt 
Gallium, liquid . 


23-100 

to 113 


.0940 
.080 


ft 
22 


Osmium . 
Palladium. 


—iJll^ig 


.0311 
.0528 


10 
s6 


solid . 


12-23 


•079 


22 1 


ft 


O-IOO 


•0592 


24 


Germanium 


O-IOO 


•0737 


23 ' 


M 


0-1265 


.0714 


u 


Gold . 


—185-4-20 


•033, 


4 . 


Phosphorus, red 


o-5» 


.1829 


4 


U 

• • • 

Indium 


O-IOO 
O-IOO 


.0316 
.0570 


24 

"3 


" yellow 

f< tf 

• 


— i8l^4-» 


.202 
.178 



Sft opposite page for Referencet. See Table afo for toppletDentaiy data. 
* Where one temperatare alone is given, the " true ** specific heat is given ; cthenriae, the " 
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SPECIFIC HEAT. 





1... Rfv. 15. iioji 16,1903. (H Ihcrmometer 


ld.nBl.TruM. All., p.. w.i9>i- 'Uii 


iici-Kcgiijuli-i IS Kviud bf Peibody 1 Sieui ' 


■T Ml boa <<■ C lo Ig, Bunct-Cookt ( H thcnr 






140', ouii ol MKuri aad Ut\(tUL\«i. 



^40 



Tables 260, 261 . 

TABLB aeo. — Afldlttoiri Sptolflo Hotti of tbe 



Element. 


Temperature. 


Sp. Heat. 


I 


11 

Element. 


Temperature. 


Sp. Heat. 


n 


Aluminum 


—240.6^ 


0.0092 


Lithium . . 


— 191 80 


0.521 






— 190.0 


.0889 


i< 




—78-0 


•595 

J629 


« 




— 190—82 


.1466 


2 




-188.-79 






— 76 1 


.1962 


(1 


Manganese . 


.0820 






+ 16-+IOO 


.2122 


3 




—79-+ 15 


.1091 






+ 16-+ 304 


.2250 


t* 


Mercury, sol. 


—77 — 42 


.0329 




Boron . . . 


—191 78 


.0707 


2 


liq. 


-36—3 
—191 — lo 


.1666 






— 76-0 


.1677 


<( 


Potassium 


* 


Bromine . . 


— 192 80 


.0702 


4 




—78-0 




Carbon, graph. 


—191—79 


•0573 


2 


Sodium . . 


—191 — 83 


•243 






— ^76-0 


.1255 


<t 




—77-0 


.276 


tt 


— Ache, graph. 


—244.0 


.005 


6 


Zinc • • . 


— 190-— 82 


.0792 


tt 




—186.0 


.027 


" 




—76-2 


.0906 


tt 


— Diamond . 


—79—3 


.0720 


2 


Iron • . . 


0-+20O® 


.1175 


I 


Copper . . 


—249.5 


•0035 


I 




0-+300 


.1233 
.1282 




—185.0 


.0532 


ft 




0-+400 


« 




—190 — 83 


.0720 


2 




0-+500 
0-+600 


•^338 


M 




— 76-0 


.0878 


" 




.1396 


« 




+ 15-+238 


.0951 


3 




0-+700 
0-+800 


.1487 


l« 


Iodine . . . 


— 90-4-17 


.0485 


4 




•1597 
.1644 


a 




—191 — 80 


.0454 


(t 




0-+900 


« 


Lead . . . 


—77 — 3 


.0303 


2 


• 


0-+1000 


•>S57 


tt 




+ 18-4-100 


.0310 


3 




0-+1100 


•»534 


N 




+16-+256 


.0319 


l 








I. Nernst, Lindemann, 1910, ] 


[911. 


4. Estreicher, Straniewski, 191 2. 


J 


2. Kosef, Ann. der Phys. 36, i 


911. 


5. Harker — Proc. Phys. Soc, 


London, la 1 


3. Magnus, Ann. dcr Phys. 


3^ 


p. 703, 1905. Fe = .oiC, .02Si, .03S, XH?. 1 


1910. 




trace Mn. 


— 



TABUB 261. — Mtan SptoUlo Eoati ol Qvarti, SUloa OliM* anfl Pliliaim fraa ino^ 0., to tlw tHfr> 

ptntim named. 

The mean specific heats of quartz above 550° are here increased by the heat (2.3 calories) 
the inversion at 575^. The accuracy is probably better than 2 per mille. 



Interval. 


Qiiartz. 


Silica Glass. 


Platinum. 


Platinum.* 


Platinum.t 


O-IOO** 


.1870 


.1845 


__ 


«. 


•03*65 
.03246 


O-30O<* 


.2169 


.2124 


.03283 


— 


0-500^ 


.2382 


.2303 


•03363 


— 


.03320 


0-600** 


.2441 
.2520 


^_ 


_ 


,_„ 


^^^ 


0-700° 


.'2608 


•2433 


.03424 


.03408 


•03397 


0-900° 


.2523 


.03487 


•03471 




0-1100° 


.2654 


— 


•03551 
.03620 


•03535 
^3003 


— 


0-1300° 









* Not specially Pure. t Thermo-element platinum. 

Determinations by W. P. White. Geophysical Laboratory. 
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Tables 262-263. 
aea. -Sptomo Hatt of Vailoii 8aUdi.« 
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Solid. 



ADm: 

Bdlmetil 

BnH,red 

- veUow 

So Cii+20 Sn 

88w7Cu-|-ii.3 Al 

German silver 

Ufomitz alloy: 24.97 Pb + 10.13 Cd + 50.66 Bi 

4-14*24 Sn .... 

« « f 

RoselB alloy : 27.5 Pb+48.9 Bi+23.6 Sn 

« M 

Wood's alloy: 25.85 Pb + 6.99 Cd + 52.43 Bi + 

14.73 55n 

* •* (fluid) 

MacrHaneous alloys : 
17.5 Sb-)-29.9 Bi4-i8.7 Zn+33.9 Sn . . . 

jf.i Sb+63.9 Pb 

199 Pb4-6ai Bi 

" (fluid) 

7Pb+3d3Sn 

Pb-l-53.3 Sn 

Bi+3d2Sn 

Bi+53.1 Sn 

Gvcoal 

Cbm, nonnal thermometer 16™ 

" French hard thermometer .... 

* crown •••••... 
- flint 

Ut 

m 
m 

bdia rubber (Para) 

fvainn ■••...... 

u 

M 

■t 

• fluid'. 

▼■kanite 



Temperature 



°^ 



Specific Heat. 



15-98 
o 
o 

14-98 

20-100 
o-icx> 

5-50 

icx>-i5o 
— 77-20 
20-89 

5-50 
100-150 





16-99 
144-358 

12-99 

10-99 

20-99 

20-99 

20-1040 

19-100 

10-50 

10-50 

-188 252 

-78 188 

—18 78 

?-IOO 

—20- -1-3 

— 19- -|-20 
0-20 

60-63 
20-100 



0.0858 
.08991 
.08831 
.0862 
.10432 
.09464 

•0345 
.0426 

.0356 
.0552 

•035; 
.0426 

.05657 
.03880 
.03165 
.03500 
.04073 
.04507 
.04001 
.04504 

'3HS 
.1988 

.1869 

.161 

.117 

.146 

.285 

•463 

.481 

.3768 

•5251 

•6939 
.622 

.712 

•3312 



Authority, t 



R 

L 
ft 

R 

Ln 

T 

M 

t« 

S 
«< 

M 

M 

R 

P 

R 

14 
(4 
44 



w 
z 

H M 

44 

D 

44 
44 

G-T 

RW 

« 

*4 

B 

t* 

AM 



TABLE aeS.-8poolflo HMt of Vaxloiis Liquids.* 



Alcohol, ethyl 



m 
u 

u 

AaiSn 



methyl 

M 



Beuole, CfRf. 



m 



)iphcnylamlne, 'CuHuN 

M 

■ • 

jthyl ether 

njcenne ■ • 
rnrobenzole • 



Temper- 
ature <H:. 



— 20 

O 

40 

5-10 

15-20 

^5 
30 
50 
10 

40 
6S 

o 

15-50 
14 



Specific 
Hemt. 



^5053 
.548 
.648 

•590 
.601 

.5U 
.520 

.529 

.340 

.423 
.482 

.464 
.482 j 

.529 
.576 

•350 



Author- 
ity. 



R 

14 
44 
44 
44 

G 

14 
44 

H-D 

u 

44 

B 

14 

R 
E 
A 



Liquid. 



Nitrobenzole 
Napthalene, CioHg 



44 



Oils : castor . 

citron . 

olive . 

sesame 

turpentine 
Petroleum 
Toluol, CeHg 



(I 



CaCl2t sp. gr. 1.14 



14 
44 



44 
<4 
44 



14 
14 



1.20 



Temper- 
ature ^C. 


Specific 
Heat. 


28 


0.362 


80-85 


•396 


90-95 


.409 


— 


.434 


5!6 


.438 
471 


— 


.387 





411 


21-58 


.511 


10 


•364 


^5 


.490 


85 
— »5 


•534 
.764 





•775 


4-20 


.787 


— 20 


.695 



Author- 
ity.t 



A 

B 

44 

W 

H W 
44 

W 

R 

Pa 

H-D 

t4 
4< 

DMG 

M 
U 
M 



[TTine tpaOBe hnt taUia art compiled jmrtiylrom more ezteoded tablet in I^Qdo\t'B^Ti«lnxw^«^YiQfi!ei'\'\iX&Kw 



Table* 263 (c»(ob«A-264. 
LB US. —Mtadtta Eaal ol Tnlni TiliraHl. 



Table 265. 
SPECIFIC HEATS OF GASES AND VAPORS. 
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Mean 






Range of 
Teiap.«>C. 


Sp. Ht. 
Constant 
Preaaure. 


Authority. 


Range of 
Tciop.oC. 


Ratio of 
Specific 
Heats. 
Cp/Ct. 


Authority. 


Acetone, CsHaO . 


26-110 


0.3468 


Wiedemann. 








M (i 


27-179 


0.3740 


44 








U U 

m 


129-233 


0.4125 


Regnault. 








Air . . . . 


—30-4-10 


0.2377 


44 


S-14 


1.4025 


Lummer and 


u 

• • • ■ 


O-IOO 


0.2374 


44 






Pringsheim. 


44 

■ ■ • • 

• • • • 


0-200 
20-440 


tm 


44 
Holbom and 








• • • • 


20-630 


0.2429 


Austin. 








a 

• • • • 


20-800 


0.2430 


44 








Alcohol, C9H5OH 


108-220 


0.4534 


Regnault 


53 


I-I33 


Jaeger. 


«4 t( 

« • 


— 


— 


— 


100 


II34 


Stevens, 


- CaHsOH 


101-223 


0.4580 


Regnault 


100 


1.256 


41 




23-100 


0.5202 


Wiedemann. 





I.3172 


Wiillner. 


M 

• • • • 


27-200 


05356 


44 


100 


1.2770 


44 


— 

• • • • 


24-216 


0.5125 


Regnault. 








Argon .... 


20-90 


o"33 


Dittenberger. 





1.667 


Niemeyer. 


Benzole, C«He . 


34-115 


0.2990 


Wiedemann. 


20 


1403 


Pagllani. 


U M 

• • 

M M 


35-180 
I16-218 


03325 
0.3754 


44 
Regnault 


60 

99-7 


1.403 
1.105 


44 

Stevens 


Bromine 


83-228 


0.0555 


44 


20-388 


1.293 


Strecker. 


M 

Carbon dioxide, COs ! 


-Itfy 


O.OJ53 
0.1843 


Strecker. 
Regnault 


4-1 1 


1.2995 


Lummer and 


M u a 


15-100 


0.2025 


44 






Pringsheim. 


MM 44 


II-2I4 


0.2169 


44 








* monoxide, CO . 

U 44 44 


23-99„ 
26-198 


0.2425 
0.2426 


Wiedemann. 
44 



100 


1.403 
"•395 


WuUner. 
44 


« disulphide, CS2 


86-190 


0.1596 


Regnault 


3-67 


1.205 


Beyme. 


CUorine 


13-202 

18-34^ 
27-118 


0.1 241 


(4 


20-340 


1-323 
1-336 


Strecker. 


C4 

• • ■ • 


0.1 125 


Strecker. 





Martini. 


Chknoform, CHCU . 


ai44i 


Wiedemann. 


22-78 


1. 1 02 


Beyme. 


M 44 

• • 


28-189 


0.1489 


44 


99.8 


1. 150 


Stevens. 


Ether, C4H10O 


69-224 


0.4797 


Regnault 


3-46 


1.025 


Beyme. 


U 44 

• 


27-189 


0.4618 


Wiedemann. 


42-45 


1.029 


Miiller. 


«4 It 

• m 


25-1 I I 


0.4280 


44 


12-20 


1.024 


Low. 


Hydrochloric acid, HCl 


13-100 


0.1940 


Strecker. 


20 


1-389 


Strecker. 


44 4r 44 


22-214 


0.1867 


Regnault 


100. 


1.400 


44 


Hydrogen . 


—28-4-9 
12-198 


3-3996 


44 


4-16 


1.4080 


Lummer and 


44 

• • • . 


34090 


44 






Pringsheim. 


M 

• ■ . • 


21-100 


3.4100 


Wiedemann. 








<« sulphide, HsS 


20-206 


0.2451 


Regnault 


10-40 


1.276 


Miiller. 


Methane, CH4 


18-208 


0.5920 
0.2438 


44 


11-30 


1.316 


44 


Nitrogen 


0-200 


44 


- 


1.41 


Cazin. 


a ■ • ■ 


20-440 


0.2419 


Holbom and 








. ■ • . 


20-630 


0.2464 


Austin. 








M 

• • • • 


20-800 


0.2497 


44 








Nitric oxide, NO . 


13-172 


0.2317 


Regnault. 








Nitrogen tetroxide, NO2 


27-67 


1.625 


Berthelot and 


- 


J-3I 


Natanson. 


44 44 «4 
M 44 44 


27-150 
27-280 


1. 115 
0.65 


Olger. 








Nitrous oxide, N^O 


16-207 


0.2262 


Regnault 





1.311 


Wiillner. 


« a 4« 


26-103 


0.2126 


Wiedemann. 


100 


1.272 


44 


•4 44 M 


27-206 


0.2241 


44 








Oxygen .... 


13-207 


0.2175 


Regnault. 
Holbom and 


5-M 


1-3977 


Lummer and 


a 

• . . • 


20-440 


0.2240 






Pringsheim. 


■ . • • 


20-630 


02300 


Austin. 








Snlphnr dioxide, SOa . 


16-202 


0.1544 
0.4655 


Regnault. 


";^ 


1.256 


Miiller. 


Water vapor, HjO 





Thiesen. 


1.274 


Beyme. 


«■ 44 44 


100 


0.421 


44 


94 


^'ZZ 


Jaeger. 


«f M 44 


180 


o.5« 


41 
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Tamxs 260-269. 
THERMOMETERS. 



If fm ^9 hoa^ ivk ««» /?• are temperatures measured with the hydrogen, nitro ge n, 
l6», 59F, and " verre dur *' (Tonneloc), ic^iectiTelj, then 

(100 — /)/ 
/■— /t=* — ^^ — [— 061839+0004735"-'— o-aMO"S77-^* 

ik— /r= ^^ [— 055541+00048 2 40 / — 0000024807.A]* 
_(ioo~/)/r_ 



/,= 



ioo< 



[ — 0-33386 + 00039910/ — oooooi 6678-/«]« 
^— /ii= ^'^"^^^ [— 067039+00047351^— ooooou577,/«]t 
/■— /i§= ^i5^^[— o3Io89+oj004735I^— oooooii577^]t 



• Cfaupoit ; Tmr. et M^m. da Bur. intenat. iks Poidt ct Mes. 6, 1888. 
tThicaca, S^etl,SeU: Wim. Abh.d.Phjs. Tcdu.Rcidiaiistalt,a,i89s; Sdwd; Wied. 
2tg. 1897. 



A189&; 









VIBU MT. U-tu (] 


■ifincM' 


-l*™). 










<p 


i« 


a® 


3P 


4«» 


^ 


tP 


7« 


99 




0» 


JOOO" 


-.x,7« 


—.013" 


—.019" 


—.025® 


1 
—.031® 


=X 


—.042** 


—^47*^ 




10 


— x)56 


— x)6i 


-^ 


-,069 


—.073 


—.077 


-x>84 


—^7 




20 


—093 


-.096 


—.101 


-.103 


1 ""'^5 


—.107 


—.109 


^.IIO 




30 


—•"3 


—.114 


—.115 


—.116 


—.117 


—.118 


— -"9 
—.118 


— !ii8 


—.119 


— ^i 


40 


— .120 


— .120 


— .120 


— ^.120 


—.119 


—.119 


—.117 




5° 


— .116 


—.115 


—.114 


—•"3 


— .Ill 


— .110 


—.109 


— ^.107 


—.106 




60 


— ^.103 


— .101 


— [078 


—.097 


-.096 


—.094 


— X)92 


—.090 


—.087 


— 1 


70 


— .058 


—.081 


— .076 


—.074 


—.071 


-.069 


—.066 


— .064 


— i 


80 


— .056 


— 053 


— .050 


—.048 


-.045 


— .042 


—.039 


— -oj6 


— jC 


90 


—.030 


— .027 


—.024 


— .021 


—.018 


—.015 


— .012 


—.009 


— .006 




100 


.000 



























TABLB 268. Iki^ts (Hrlngw 


-59"^ 






_J 




<fi 


fO 


^ 


3° 


4** 


$*> 


60 


f 


99 


^ 


0* 


.000® 


—.003* 


— .oo6» 


—.009® 
—.028 


— .Oil* 


—.014® 


— .oi6« 


— x>i8« 


— .020® 


—.023^ 


10 


— .024 


— .025 
—.030 


— .027 


—.030 


—.031 


—.032 


— .03J 
—.038 


— 034 


zt^ 


20 


—^38 


—.036 


— 037 


— 037 


—.037 


—.038 


—•038 


30 


—•037 


—.037 


—.037 


—•037 


—036 


—.036 


—.035 
—.028 


—•035 
—.028 


—.034 


40 


—.034 


—033 


—.032 


—.032 


—.031 


—.030 


— .029 


—.027 


1° 


— .026 


— .025 


—J024 


—.023 


— .022 


— .021 


— .020 


— .019 


—.018 


— X)i7 


60 


— .016 


— .015 


=-^ 


— X)I4 


—.013 


— .012 


— .011 


— .010 


—.009 


—.008 


z° 


—.008 


— .007 


—.005 


-.COS 


— .004 


—.003 


—.003 


— .002 


—.001 


80 


— XX>I 


—.001 


.000 


.000 


+.001 


+.001 


+.001 


+.002 


+.002 


+X»2 


90 


+.002 


+.002 


+.002 


+.002 


+.002 


+.002 


+.001 


+.001 


+.001 


.000 


100 


.000 





















tH — tie 
ta — 159 



TABLB M0. (H7dragn~19<i0, (H74nffMi-6»i"). 



-5« 



+0.04® 
+0.02® 



— loP 



t 



O.0S' 
0.04* 



-«5« 



+0.07® 



+0.19* 
+O.l0*» 



+0.25® 
+0.14** 



-joo 



+0.32° 

+o.i8*» 




All oompiled from LandoU-BOrnttein-Meytrhoffer'i Phytikaliach^einische Tabellen. 
•mithsonian Tablcs. 



Tables 270, 271. 
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AIR AND MERCURY THERMOMETERS. 






TABLBSTO. Un-ti.. (Air-ieiu.) 









ncri^j 



rr-<> 



-.049 
-.083 

.103 

-.110 

^ • 1 — ^.096 
J — J07S 

iiMjif— -054 

— X>28 



-^1 



-jcr 



+x«8 

+ 053 
+.074 
+ 090 

+.098 
+ 097 
+.084 

+-059 
-h-019 

— J038 
— .11 



— -632 
— -^25 
— 1.048 
— 1 .30 1 
—1.588 
— 1.908 



— .006 
— .0 



— ^.104 
— .110 
— .107 
—.095 
— .076 
— .052 
—^25 

.003 
.030 

+•055 
- -.076 

•.091 

x>9S 



\2 

-1-055 
+.014 




-.012 
■.057 



-.105 
-.III 
-.106 

•093 
-.074 

-.049 
■^23 

-.006 

•033 
.057 

•.078 

-.092 

-.098 

15 



-(-.052 
+.009 

— ^.051 
—.130 
—.230 

—•351 
—.49; 

—.668 

—.867 

— 1.096 

—1-356 
—1.649 



— ^.017 
— .061 
— .091 
—.106 
— .Ill 
— .105 
— ^^2 
— ^.072 
—.047 

— ^X)20 

--.008 
--•035 

-|-x)6o 
--.080 

--•093 
--.099 

--.094 

--.078 

--.048 

+•004 

—.058 

— 139 
— .241 

—•365 

-&^ 

—.889 
— 1. 121 
—1.384 
—1.680 



— .022 
— .065 

—093 
— .107 

— .110 

— ^.104 

— .090 

— .070 

—.044 

— ^.017 

H-oii 
+.038 
+.062 
+.081 

+.094 
+.099 

+.093 
+.076 
+.045 
— .001 

—.066 
—.148 
— .252 

-.378 

—.529 

— .706 

— .911 

— X.146 

— 1412 

— 1.711 



— .027 
—.068 
—.09c 
—.108 
—.110 
— .10 



flO 



— .067 
— .041 
— .014 

-f.014 
+.041 
+.064 

-f.083 

+.095 
+.099 

+.092 

+.073 
+.041 

— .007 




—392 

—.546 

— 725 

—933 
— 1. 171 

— 1.440 
—1.743 



— .032 
— .071 
—.097 
— .109 
— .110 
— .102 
—.086 
— .065 

—•039 
— .011 

+.017 
--.043 
--.066 
--.084 
-f-.096 
--.098 
--.090 
+.071 

--•037 
—.013 

—.080 
—.168 
—•275 
—.407 
—.562 

—•745 

—955 
—1. 196 

-1.469 

-1.776 



—.037 
—.074 

—.099 

— .110 

— .109 

— .101 

—.084 

— .062 

— .036 

— .009 

+•019 
-j-046 
+.068 
+.086 

+•096 
+.008 
+.080 
+.068 

+•033 
— .019 

—.088 
—.177 
—.287 
— .421 

—579 
—.765 

—978 
— 1.222 

—1.498 
—1.808 



80 



— .041 
—.077 
— .101 
—.110 
—.109 
— .100 
—.082 
— .060 

— 034 
— .006 

+•022 
+.048 
+•070 
+.087 
+.097 

4-. 

+.' 
+.06 

4-.02 
-.025 

— ^.096 
—.187 
— .300 
—.436 

—597 
—785 

— I.OOI 

— 1.248 
—1.528 
— X.841 



—045 
—.080 

— .102 

— .110 

—.108 



—057 

— .031 

—.003 

+.025 

+.050 
+.072 

+.089 

+•097 
+.097 
+.086 
+.062 
+.023 
—.031 

—.105 
—.198 

— .312 

—450 

—.614 

—.80s 

— 1.025 

—1.274 

-1.^58 

-1^74 



VABLBa?!. UxE-W (Alr-69m.) 



c 


iP 


lO 


ao 


iP 


4° 


s^ 


6P 


7° 


80 


^ 


00 


JOOO 


.000 


.000 


.000 


.000 


.000 


.000 


.000 


.000 


JOOO 


10 


.000 


.000 


.000 


— ^.001 


— .001 


— X»I 


— .001 


— XX>I 


— .002 


— .002 


920 


J002 


—.002 


— .002 


— .002 


— .002 


—.003 

— .006 


—003 


—.003 


— .004 


— .004 


130 


^.004 


—.004 


— .005 


—.005 


— .006 


— .006 


— .007 


—.007 


—.008 


140 


—.008 


—jooS 


— ^.009 


— .009 


— .010 


— .010 


— .011 


— .oil 


—.012 


— .012 


IS 


—.013 


—.013 


—.014 


—.015 


— .016 


— .016 


— .016 


— .017 


—.018 


— .019 


X>IO 

—.028 


—.020 


— .021 


— .021 


— .022 


—.023 


— .024 


—.025 


—.026 


— .027 


170 


— .029 


—.030 


—.031 


—.032 


—033 


—.034 


—.035 
—.048 


—037 


—.038 


180 


—039 


— .040 


— .041 


—.043 
— x>56 


—044 


—.045 


— .046 


—.049 


^.066 


190 
200 


-•^ 


—053 


-.055 


—.057 


—.059 


—.060 


—.062 


-.064 
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Tabucs 272-274. 



GAS, MERCURY, ALCOHOL, TOLUOL, PETROLETHER, PENTANE, 

THERMOMETERS. 

VABLB 871.— fB-^H (MnxtmrMmmjy. 



Temper- 
ature, C. 


Thuringer 
GlaM> 


Verre dor. 
TouneloLt 


Resistance 
Glass.* 


English 
Crystal 
Glass.* 


CKoisy-le- 
RoL* 


iaa™.« 


Nitrogen 

Tbermoraeter. 

Ta-T^.t 


CO,Tlwf^ 
Ta — Too,-t 
































.000 


.000 


.000 


.000 


XXX) 


.000 


.000 


.000 


10 


—.075 


— .052 
—.085 


—.066 


—.008 


— .007 


— .005 
— .000 


—.006 


— .025 


20 




—.108 


— .001 


— .004 


— .010 


—.043 


30 


— .I02 


—•131 


-f.017 


+ 004 


— ^.002 


—.Oil 


—.054 


40 


—.107 


— .140 


+.037 


+.014 


+.001 


— .Oil 


—.059 


^ 


—.166 


—.103 


—'35 


+•057 


+.025 


+-°°f 


—.009 


—.059 


—.150 


— .090 


— ^.119 


-I--073 


+•033 


+.008 


—.005 


— 053 


^ 


—.124 


— .072 


— .OOo 


+•079 


+.037 


+.009 


— .001 


—.044 


—.088 


— .050 


+.070 


-f.032 


+.007 


+.002 


—.031 


90 


—.047 


— .026 


—.034 


+.046 


+.022 


-I-.O06 


+.003 


— .016 


100 


.000 


.000 


.000 


.000 


JOOO 


.000 


.000 


.COO 



* SchUSwer, ZU InBtritde. »t, 1901. 



t Chappuis, Trav. et vcdm. du Bar. Intern, des Poids et Met. 6^ 1888. 



VABLB a78. — OoopBlMB of Air ttd Kifli TonyMitm Mwrary 

Comparison of the air thermometer with the high temperature mercury thermometer, filled under 

pressure and made of 59^" glass. 



Air. 


59". 


Air. 


59™. 





1 











a 


375 


385.4 


100 


loa 


400 


412-3 


200 


200.4 


425 


440.7 


300 


3041 


450 


460.1 


325 


3309 


475 


498.0 


350 


3S8.. 


500 


527.8 



Mahlke, Wied. Ann. 1894. 



TABLB 874. — Oomptxlitti ol Hydrocta and Whn Thtmomtttti. 

Comparison of the hydrogen thermometer with the toluol, alcohol, petrolether, and pentane ther- 
mometers (verre dur). 



Hydrogen. 


Toluol* 


Alcohol I.* 


Alcohol II.* 


Petrolether.t 


PeQtaiie.t 























0.00 


0.00 


0.00 


— 


0.00 


— 10 


-8.54 


—9.31 
—18.45 


—9.44 


- 


—9.03 


— 20 


—16.90 


—18.71 


— 


—17.87 


—30 


—25.10 


—27.44 


—27.84 


- 


—26.55 


—40 


— 33-«5 
—41.08 


—36.30 


—36.84 


- 


—3504 
—43-30 


—70 


—45.05 


—45-74 


— 42.6 


— ^48.90 
—56.63 


—53-71 
—02.31 


—54.55 
—^3-31 


_ 


— 5»-50 


— TOO 




— 


— 


—80.2 


—82.28 


—150 


- 


— 


— 


—113-0 


—116.87 


— 200 








—140.7 


—146.84 



• Chappuii, Arch, sc phys. (3) 18, 189a. t Holbom. Ann. d. Phya. (4) 6, 1901. t Rothe, unpabliihed. 

All compiled from Landolt-BttnMtein-Meyerhoflfer'i PhysUuJiich<beiniKhe Tabellen. 
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Tables 275-277. 
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Callendar has shown that if we define the platinum temperature, pt, by pt = ioo-j (R — Ro) 
/(Rioo — Ro) y > where R is the observed resistance at t® C, Ro that at 0°, Rioo ^t 100^, then the re- 
uition between the platinum temperature and the temperature t on the scale of the gas thermo- 
meter is represented by t — pt = 8 { t/ 100 — i ^ t/ioo where 8 is a constant for any given sample 
of platinum and about 1.50 for pure platinum (impure platinum having higher values). This holds 
good between — 22** and 450^ when 8 has lieen determined by the boiling point of sulphur (445^.) 

See Waidner and Burgess, Bui. Bureau Standards, 6» p. 149, 1909. 

TABLE 278. —TluimodTiuunlo Tavtntms of ths Im PoiBt, and R«d«otloB to TliMRiiiodyiiBBilo Boala. 

Mean = 273.10® C. (ice point) 

For a discussion of the various values and for the corrections of the various gas thermometers to 
the thermodynamic scale see Buckingham, Bull. Bureau Standards, 3, p. 237, 1907. 

Soali Oomotloui for Gas Tbomoiiioton. 



Tcrap. 
C. 


Constant pressure = 


= 76 cm. 


Constant volume 60' 


= 373. 10 c. 


He 


H 


N 


He H 


N 


— 250° 


_ 




^^ 


4-ao2 — 


1, 


— 200 


4-O.IO 


4-0.26 


— 


4-0.0 1 4-0.06 


— 


— 100 


+ -03 


-fO.03 


+0.33 


.000 4" '014 


4-0.07 


— 50 


+ .009 


-f-0.004 


4- .09 


.000 4- '004 


4- .02 


+ 25 


— .002 


— .002 


— .013 


.000 .000 


— .006 


+ 50 


— .002 


— .003 


— .017 


.000 .000 


— .006 


+ 75 


— .002 


— .002 


— .012 


.000 .000 


— .004 


4-150 


+ .005 


4- .003 


4- .04 


.000 - 


- .001 


4- .01 


+200 


-f .01 


4- .01 


4- .10 


.000 - 


- .002 


4- .04 


+450 


+ .07 


4- .04 


+ -so 


0.00 - 


- .01 


+ .15 


-l-iooo 


+ .24 


+ .01 


+17 


— 4-0.04 


+ .70 


+1500 






+30 




+1.3 



See Burgess, The Present Sutus of the Temperature Scale, Chemical News, 107, p. 169, 1913. 



TABLE 277. — StanAird Points for tho OtUtoitloiii of Tbormomoton. 



C«t I^Afl i\^m 


Point. 


Atmos- 


Crucible. 


Temperatures. 1 






phere. 




Nitrogen Scale. 


Thermodynamic. ' 










OC 


OC. 


Water 


boiling, 760 mm. 


air 


- 


100.00 


100.00 


Napthalene 


M M «< 


u 


— 


218.0 


218.0 


Benzophenone 


M (« U 


- 


— 


305.85 = 


-0.1 


3059 


Cadmium 


melting or solidify. 


air 


graphite 


320.8 - 


-0.2 


320.9 


Zinc 


<« <( (t 


u 


«« 


419.3 z 


zO.3 


419.4 


Sulphur 


boiling, 760 mm. 


— 


- 


444-45 r 


-0.1 


444.55 


Antimony 


melting or solidify. 


COa 


graphite 


629.8 - 


1 0.6 


630.0 


Aluminum 


solidification 


If 


M 


658.5 - 


658.7 


SUver 


melting or solidify. 


It 


at 




-0,7 




Gold 


• 4( (t M 


t< 


tt 


1062.4 - 


-0.8 




Copper 


•< M *$ 


w 


tt 


1082.6 - 


-0.8 




LisSiOs 


melting 


air 


platinum 


1 201.0 - 


- I.O 




Diopside, pure 


u 


(« 


i« 


1391.2 - 


= '•5 




Nickel 


melting or solidify. 


HandN 


magnesia and 


1452.3 = 


-2.0 










Mg. aluminate 






Cobalt 


« tt i( 


<i 


magnesia 


1489.8 - 


-2.0 




Palladium 


« I< M 


air 


if 


1549.2 - 


-2.0 




Anorthite, pure 


melting 


4< 


platinum 


'5495 : 


-2.0 




Platinum 


t« 


tf 




1752. = 


= 5* 










/ 


1755. 3= 5.t 





* Thermoelectric extrapolation, t Optical extrapolation. 
(Dar and Sosman, Journal de Physique, 19 12. Mesure des temperatures ^lev^es.) A few additional points are : H, 
boib--»5a.70;0, boils — 188.90 ; Hg. Ireexcs — 37.7°; Alumina melUaooo®; Tungsten melts 3000°. 

•■rrHaoNiAN Tabln. 
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Tablu 279, 280. 249 

3IIRECTION FOM TBMPEItATURE OF MERCURY IN THERMOMETER 

BTEM UtalimiiJ). 
TABU m.-IM OtgnaUm m thttmoMtt tt Jau SUM ((F-au° 0). 

pco length 1 to l£ IDU.; /Bathe obMrved lempcrature ; /'i=tha( oC the lurrounding tit 
one dm. ttimji «^tbe length of the exposed lbr«id. 



250 TABLI8 281-282. 

TABLE Ml.-Slttdtfd (taUtalUM Ovvt ttt Ft— Ft Mk. <10% Bl.) 

Giving the temperature for every zoo mtcrovolU. For oie ia oon^anctioa with a 
bnttion oi the pazticular element at some oi the folknrl&g filed poJits: 



Water 

Napthakne 

Tin 

Bennphenone 

Cadmiimi 

Zinc 

Sulphur 

Antimony 

Aluminum 



boiliniMit* 

mel^ing-pt. 

boiling^pL 

melting-pt. 
« i( 

boiling-pt. 
melting-pt. 



xoao 

9x7.95 

a3X.9 

305.9 

310.9 

4x9.4 

444.55 

630.0 

658.7 



6jU] 

X5« 
X706 

9365 
9503 
3430 

3679 
5530 
5827 




M 
M 
M 
M 

« 



Palladium 
Platinum 



u 

M 



M 



« 
U 



cam detemiined by calk 



060.9 

X069.6 
xo8a.8 
zaoz. 

«39i-$ 

X4Sa.6 

X540*5 

I75S. 



ioag6 
X0534 

IX94X 



Z4973 

x6t44 
X8608 



E 

micro- 





xooa 


9UUO. 




■ 
4000. 


5000. 


6000. 


7000. 


1 8oca 


9000. 


1 ' 






oucro- 


volts. 


TmpRBATUua, ^C 




voks. 


0. 
xoo. 
aoo. 
300. 


0.0 

X7.8 

34.5 

1 S0.3 


X47.X 

X59.7 
X72.X 


987.7 
•98.7 


374.3 
384.9 
395.4 
40S.9 
4x6.3 


408.4 
508.S 


fill 

597.9 
607.7 


694.3 
703.8 


788.0 
797.9 


86X.X 
670.x 


950.4 
959-2 
968.0 
976.7 


0. 
roo. 

900. 
300. 


400. 


S5-» 


Z96!3 


309.7 


5x8.6 


6Z7.4 


7x3.3 


806.4 
8x5.6 


897.x 


98S.4 


400. 


500. 


80.0 


ao8.x 


390.6 


496.7 


528.6 


$'2! 


799.7 


906.x 


994-x 


5o» 


600. 


^■i 


2x9.7 


33X.5 


437.x 


538.6 


636.8 


732.x 


833.5 


9x5.0 


Z009.8 


600. 


700. 


X07.8 


23Z.a 


342.3 


447.4 


548.6 


646.5 


741.S 


9*3.9 
9398 


XOXX.5 


700. 


Sou. 


X2X.2 


942.7 


353.0 


4577 
467.9 


558.5 


656.1 


750.9 


849.9 


xoacx 


800. 


900. 


1 X34.3 


954. X 


363.7 


568.4 


665.7 


760.9 


859.0 
86X.X 


94X.6 


X098.7 


900. 


zooo. 


I47.X 

1 


965.4 


374.3 


478.x 


578.3 


675.3 


769.S 


950.4 


X037.3 




E 
micro- 


xoooo. 


zzooo. 


X2000. 


X3ooa 


1 

X4000. j X5000. 


x6aoo. 


X70OO. 


x8ooa 


E 






volts. 


TiMPKItATUKU, ^C. 




volts. 


0. 


XO37.3 


ZZ22.9 


X20S.9 


X289.3 


X379,4 


X454.8 
1403.0 


X537.S 
X545.8 


Z690.9 


X704.3 


0. 


xoo. 


1045.9 


XX3O.6 


X2X4.2 


X297.7 


X380.7 


X699.9 


X7X2.6 


zoa 


200. 


1054.4 


XX39.O 


X223.6 


X306.0 


X389.O 


X47X.2 


XS54.X 


X637.6 


X7aXjO 


900. 


300. 1 


X062.9 


XX47.4 

XIS5.8 


X 230.9 


X3Z4.3 


1397.3 


U79.4 


IS62.A 
IS70.8 


1645.9 


X7«9.3 


300. 


400. 


X07Z.4 


X239.3 


X322.6 


X405.6 


1487.7 


JSlli 


X737.7 


40a 


500. 


1 1079.9 


xz64.a 


1247.6 


X330.9 


X413.8 


X496.0 


X579.X 


X746jO 


Soo. 


600. 


1088.4 


XX72.S 


12559 


1339.2 


X422,0 


1504.3 


X587.S 
X595.8 


x67a9 


X754.3 


60a 


700. 


' ZO96.9 


XX80.9 


X264.3 


1347.5 • 
X3S5.8 


X430.9 


X5X2.6 


X679-3 




70a 


800. 


ZIO5.4 


1x89.2 


X272.6 


X438.4 


X520.9 


X604.9 


Z687.6 




80a 


900. 


XIZ3.8 


1x97.6 


X28X.O 


1364. X 


Z446.6 


X529.9 


Z6x9.5 


X696.0 




90a 
.oca I 


zooo. 


1X22.2 


X 205.9 


X 280.3 


X372.4 


X4S4.8 


X537.5 


x6ao.9 1704-3 





TABLE asa. — StuiAsrd Oalllmtlon Oum for O^vptr — OomtentiB TIiinio-Blam«dL 

For use in conjunction with a deviation curve determined l^ the calibration of the particular element at aome of the 
following fixed points: 

Water, boiling-point, zoo^. f 976 microvolts; Napthalene, boilin^point, 2Z7.95, Z0948 mv.; Tb, meltiag-poiiit, 93Zjp» 
XZ009 mv.; Benzophenone, boiling-point, 305.9, Z5203 mv.; Cadmium, melting-point, 390.9, Z6083 mv. 



E. 
micro- 
volts. 





zooo. 


9000. 


3000. 4000. 


5000. 


6000. 


7000. 


8000. 


9000. 


E 
micro- 
volts. 


TSMPEKATURKS, ^C. 




0. 


0.00 


25.27 


49.20 


72.08 


94.07 
96.23 


IZS.3X 


X35.9X 


X55.95 


175.50 


X94.69 


a 


xoo. 


9.60 


27.72 


5x53 


74-3 X 


XZ7.40 


X37-94 
139.96 


X57.02 
159.8? 


X77.43 
X79.36 

x8x.28 


X96.5X 


zoa 


200. 


S.X7 


30. z 5 


53.85 


76.54 
78.76 

80.97 


98.38 


119.48 


198.40 


aoo. 


300. 


7.73 
XO.28 


32.57 


56.X6 


xoo. 5 2 


I3x.s6 


14X.98 


x6x.86 


200.28 


30a 


400. 


34.98 


58.46 


X09.66 


X 93.63 


143.99 


X63.82 


X83.20 


9oa.x6 


406. 


soo. 


X2.8Z 


37.38 


60.76 


83.X7 


104.79 
Z06.9X 


Z25.69 


X46.00 


X65.78 


X85.XX 


904.04 


S? 


600. 


ZS.33 
17.83 


39-77 


63.04 


85.37 


X27.7S 


X48.00 


X67.73 
X69.68 


Z87.02 
Z88.03 
zy>.83 


905.91 


700. 


42.15 


65.31 


87.56 


Z09.O9 


X 29.80 


X 50.00 


207.78 


700. 


800. 


20.32 
1 22.80 


tdiil 


67.58 


89.74 


ZXZ.Z9 


*3»-84 


X51.99 


X7X.62 


909.64 


800. 


900. 


69.83 


91.9X 


ZZ3.29 


X33.88 


15397 


X73.56 


X92.73 


2x1.50 


goo. 


ZOOO. 


I 25.27 


49.20 


72.08 


9407 


ZX5.3X 


I3S.9X 


XS5.95 


X75.50 


Z94.69 


9x3.36 


xooo. 


E 1 
micro- 
volts. ■ 


XOOOO. 


zzooo. 


X2000. 


X3000. 


z4ooa 


xsooa 


x6ooo. 


Z7000. 


.»ooo. j 


E 

micro- 
vdts. 


Tkkfkratukes, oC. I 


0. 


213.36 


23X.74 
233.56 


94982 


267.60 


985. Z3 


302.49 


3x9.49 


336.36 


355.09 


0. 


roo. 


2x5.21 


25Z.6X 


969.36 


986.87 


304.14 


321.19 
322.88 


338.04 




zoa 


200. 


217.06 


935.38 


253.40 


'"^^11 


988.6Z 


305.85 


339.79 




9oa 


300. 


2I8.9Z 


237.20 


255.18 


273.88 


990.3s 
993.08 
293.8Z 


307.56 


326.96 

327.95 


341.40 




30a 


400. 
soo. 


220.75 
222.59 


239.0X 
240.89 


256.96 

258.74 


274.64 
376.40 


30927 
310.98 


343.07 
344.74 




40a 
50a 


600. 


224.43 


942.63 


260.52 


278.ZS 


29554 
397.26 


312.69 


329.64 


346.4X 




Soa 


700. 


226.26 


944.43 

246.23 


262.29 


279.90 


314.39 


331.32 


348.08 




70a 


800. 


228.09 


264.06 


981.65 


998.98 


316.09 


333.00 


349-75 




80a 


900. 


229.92 


248.03 


265.83 


983.39 


300.70 


3x7.79 


334.68 
• 336.36 


35X.49 




goa 


ZOOO. 


1 23X.74 

IL 


249.82 


967.60 


285x3 


302.42 


3X9-49 


353.09 




xooo. 



Cf. Day and Soaman, Am. Jour. ScL 99, p. 93, i** p. sx; ; ibid, R. B. Sosman, 30^ p^ x. 
Smithsonian Tables. 
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Tables 283*286. 

RADIATION CONSTANTS. 
TABLB 883.— BadlAtloa Taaalm ua OoofUuiti for Pnlaot Badlstor. 

The radiation per sq. cm. from a " black body " (exclusive of convection losses) at the temper* 

rT^ (absolute, C) to one at /^ is equal to 
/^ ^ ( r* — /<) (Stefan-Boltzmann) ; 
where 0'=b 1.374 X io~^* gram-calories per second per sq. centimeter. 
=8.36 X 10-" " " •* minute •• « ♦• 

= 5.75 X lo"^' watts per sq. centimeter. 

The distribution of this energy in the spectrum is represented by Planck's formula : 

ere /a >s the intensity of the energy at the wave-length A (A expressed in microns, ^) and f is 
e base of the Napierian logarithms. 

^ - a. # , . gram, cat, ^^^^ ^ - _ . watts 

Cis=9.226x 10-" for/m^^^^^— 2-«s!3UJ6X io-» for/m 



sec, cm.* 



cm,' 



watts 



C2 = 1*4450 for \ in cm. 

/«. = 3.1 1 X 10+* T* for/ in ^^^'^^ '''^' « 1.30 X 10+* T* for / in 

sec. cm,* cm,' 

AauT'ss 0.2910 for A in cm. 

h := Planck's unit = elementary " Wirkungs quantum " = 6.83 X io~^ ergs. sec. 

k = constant of entropy equation «= 1.42 X io~-^* ergs. /degrees. 

TABL8 884.— Radlatim la Onun-Oalorlte per 84 Honn periq, om. fram a Ptrtoot Radistor at t^ to 

an ataolataly Osld Spaoe (—878^ 0). 

Computed from the Stefan-Boltimann formula. 



f>C 


/ 


l^C 


/ 


t^C 


571 


t^C 


/ 
787 


f^C 


/ 


fiC 


J 


—273 





— 120 


$5 


—10 


+ .. 


t$ 


1059 


+5$ 


1400 


— 220 


I 


— no 


84 


—8 


i)6 


+ 14 


8c8 


1087 


t^ 


1430 


—2 TO 


2 


1 — 100 


107 


—6 


-hi6 


831 


+38 


1115 


1470 


— 200 


3 
5 

9 


—70 


165 
201 


—4 


625 


4-18 


855 


+40 


1145 


+ 70 


1650 


-Z 


— 2 



^ 


4-20 
4-22 


879 
928 


+42 
+44 


1 174 
1204 


-f8o 
+90 


1850 
2070 


—170 


>3 


—60 


245 


+2 


682 


+ 24 


+46 


1234 1 


+100 


2310 


-160 


19 


—so 


294 


+4 


701 


+26 


953 


+48 


1298 


-+-200 


5960 


—150 


^l 


—40 


350 


+6 


722 


+28 


979 


+ 50 


-f 1000 


3i3Xio» 


—140 


3» 


—30 


416 


+8 


744 


+30 


1005 


+52 


^330 


1 4-2000 


318X10* 


-130 


50 


— 20 


4«8 


+10 


765 


+32 


1032 


+ 54 


^3^ 


4-5000 


921X10^ 



TABLB 888. — ValMS of Ja for Vtziiraa Tsmpsratone OtatSgnide. 
Ekholra, Met. Z. 190a, used C^^Sj^b and Ci= 14349, and for the unit of time the day. 
For 100P, the values for JA have been multiplied by 10, for the other temperatures by too. 



A 


T^iooPC 


ItPQ 


t^Q 


oPC 



-vPC 


— 80OC 


A 

?8 


looOC 

5" 


36PC 


15OC 


tPQ 


-30«C 


-%(fiC 


2 


I 














2961 


2557 
2281 


2175 


1491 


623 


3 


80 


41 


18 


7 


I 





19 


^ 


2626 


1954 


1363 


594 


4 


469 


S08 


272 


'A 


27 


I 


20 


2329 


^234 


1754 


1242 


561 


\ 


1047 


1777 


108; 
2296 


628 


172 


8 


21 


337 


2068 


1816 


1574 


II29 


527 


1526 


3464 


1454 


493 


39 


22 


295 


1840 


1622 


1413 


1026 


494 


7 


1768 


4954 


3481 


3^ 


931 


105 


23 


25? 


1639 


1448 


1270 


S3J 


460 


8 


1810 


6382 


4352 
4834 


1372 


205 


24 


228 


1462 


1298 


1141 


846 


428 


9 


1724 


3646 


1730 


316 


\l 


202 


'307 


1 165 


1028 


768 


398 


10 


1573 
1398 


6386 


4979 


3781 


197 1 


426 


179 


1 170 


1047 


926 


6q8 


369 


II 


6127 


4833 


3798 


2098 


520 


28 


142 


947 


850 


?57 


579 


317 


12 


1225 


5712 


4633 


3676 


2114 


592 
640 


30 


114 


771 


606 


623 


482 


272 


13 


1063 
918 


5222 


4300 


34^ 


2090 


40 


44 


3" 


28s 


259 


209 


130 


14 


4713 


3930 


3215 


2004 


666 


S 


20 


146 


'35 


124 


102 


67 


:i 


792 


4220 


3556 


2944 


1889 


573 


10 


77 


72 


66 


55 


38 


683 


3759 


3'98 


2674 


1760 


663 . 


80 


4 


27 


25 


24 


20 


14 


17 590 


3340 


2862 


2417 


1626 


649 


100 


2 


12 


II 


10 


9 


7 
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Tables 286, 287. 



COOLINQ BY RADIATION AND CONVECTION. 



TABLE 286. -At Ordinary PrMnrM. 

According to McFarlane* the rate of loss of heat by a sphere 
placed in the centre of a sphericad enclosure which has a 
blackened surface, and is kept at a constant temperature of 
about 14® C, can be expressed by the equations 

t = .000338 -f- 3.06 X 10— «/ — a.6 X tor-*/*, 

when the surface of the sphere is blackened, or 

9 = .000168 + 1.98 X ior-«/ — 1.7 X lo-V*, 

when the surface is that of polished copper. In these equa- 
tions, « is the amount of heat lost in c. g. %. units, that is, 
the quantity of heat, small calories, radiated per second per 
square centimeter of surface of the sphere, per degree differ- 
ence of temperature /, and / is the difference of temperature 
between the sphere and the enclosure. The medium through 
which the heat passed was moist air. The following taUt 
gives the results. 



Differ- 
ence of 
tempera- 
ture 
t 


Value of e. 


Ratio. 


Polished surface. 


Blackened surface. 


5 


.000178 


.000252 


.707 


10 


.000186 


.000266 


•099 


15 


.000193 


.000279 


.692 


20 


.000201 


.000289 


•69s 


25 


.000207 


.000298 


.694 


30 


.000212 


.000306 


.691 


35 


.000217 


.000313 


•693 


40 


.000220 


.000319 


•69,3 


45 


.000223 


.000323 


.690 


50 


.000225 


.000326 


.690 


55 


.000226 


.000328 


.690 


60 


.000226 


.000328 


.690 



TABLB M7.-At Dtftamt 



Experiments made by J. P. Niool in Tiit'b U|| 
ratory show the effect of preaeure of thtdl 
closed air on the rate of leas of heat. Ii ^ 
case the air was dry and the codoaora hiil^ 
about 80 C. 



Polished snxfaoe. 


Bladceoedmink 1 


t 


ee 


« 


- 


Prbssurb 76 CMS. or Mbbcdkt. 1 


63.8 
57.1 


.00862 


6t.3 

50.2 


-01746 
x)i36o 


^ 


.00736 


41.6 


.01078 


.00628 


34-4 


.00860 


40.5 


.00562 


27.3 


.00640 


34.2 


.00438 


20.5 


•00455 


29.6 


x)0378 






M 


.00278 


- 


- 


.00210 


" 


^ 


Prbssukb laa cms. op BCKKCimr. 1 


67.8 


.00492 


62.5 


0)1298 


61. 1 


.00433 
.00383 


57-5 


.011^ 


55 


53-2 


.01048 


49-7 


/x>340 


47-5 


x)o898 


44-9 
4oi 


.00302 
/x>268 


43.0 
28.5 


.00791 
.00490 


PRBSstntm I CM 


. OP MsKCxnrr. 1 


f5 


.00388 


62.5 


.01182 


60 


.00286 


57.5 


.01074 


50 


54.2 


.OIOOj 

.00720 


40 


.00219 


4^7 


30 


.00157 


Zl'l 


•00619 


23-5 


.00124 


34.0 


-00569 


— 


— 


27.5 


.00446 






24.2 


-00391 



SniTNtONIAN TaILM^ 



• " Proc Roy. Soc" 187a. 
t " firoc Roy. Soc." Edinb. 1869. 
See alto Comptn, AnnaL da chi. et phyt. a6, p. st6. 
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COOLING BY RADIATION AND CONVECTION. 

TABIiB ass. — OooUac of PUtiBiim Win la fknn B&Ttlop«. 

Bottomlcy gives for the radiation of a bright pbtinuxn wire to a copper envelope when the space between is at tha 
highest vacuum attainable the following numbers : — 

/z=4o8^ C, #/ = 378.8 X 10-^, temperature of enclosure t6° C 



i= 505O C #/= 7*6.1 X lor-*, 



tt 



11 



17^ 



It was found at this degree of exhaustion that considerable relative change of the vacuum produced very small 
diange of the radiating power. The curve of relation between degree of vacuum and radiation becomes aqrmp- 
totic for high exhaustions. The following Uble illustrates the variation of radiation with pressure of air in 



Temp^ of enclosure i6<> C, /= 408° C 


Temp, of enclosure 17^ C, / = 505^ C. 




et 




•< 


74a 
44a 
14a 

42. 

4- 
0444 

x)70 

^34 
.012 

.0051 

.00007 


8137.0 Xior* 
7071.0 *« 
7875.0 - 
7591.0 - 
6036.0 " 
26J3.0 " 
1045.0 ** 

727.3 " 
S39-2 " 

436.4 " 
.378.8 « 


0.094 

•053 

•034 

.013 

.0046 

.00052 

X)OOI9 
Lowest reached ) 
but not measured ) 


1688.0 X 10-* 
1255.0 " 
1120.0 " 

920.4 " 

851.4 - 

7674 " 
746.4 - 

726.1 •* 
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The tesBpemtore of the enclosure wss about 15° C The numbera give the total radiation in thenns per square 

timeter per second. 





Temp, of 
wire in e^. 


Pressure in mm. 




ICO 


I.O 


o.as 


0.035 


About 
0.1 M. 


100° 
200 
300 
400 

900 


0.14 

•31 
.50 

•75 


O.II 
•53 

:85 


0.05 
.11 
.18 

•25 

•33 
45 


0.01 
.02 
.04 
.07 

.13 
•23 

.56 


0.005 
.0055 
.0105 
.025 
.055 

•13 
.24 

t 


Note. — An interesting example (because of its practical importance in electric light- 
ing) of the effect of difference of surface condition on the radiation of heat is given on the 
authority of Mr. Evans and himself in Bottomley's paper. The energy required to keep 
op a certain degree of incandescence in a lamp when the filament is dull black and when 
it is " flashed '* with coating of hard bright carbon, was found to be as follows : — 

Dull black filament, 57.9 watts. 
Bright « ** 39.8 watts. 
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Table 291. 

PROPERTIES OF SATURATED STEAM. 

Metrlo and Oobu&oii tTnlti. 



Reprinted by permission of the author and publishers from " Tables of the Properties of Steam/* Cecil 
8th edition, rewritten in 1909. Calorie used is heat required to raise i Kg. water from 15^ to 16° C. B. 
required to raise i pd. water from 63P to 63° F. Mechanical Kquiv. uf heat used, 778 ft. pds. or 427 m. I 
heats, see Bames-Kegnault-Peabody results* p. 339. Heat of Liquid, q. heat required to raise i Kg. (1 
sponaing temperature from o^ C. Heat of vaporization, r. heat required to vaporize i Kg. (1 lb.) at corres; 
perature to dry saturated vapor against corresponding pressure; see Henning, Ann. der Phys., 21, p. 849, 
Heat, H = r-t-<)i see Davis, Tr. Am. Soc. Mech. Eng., 1908. 






h 
t. 



c3 



o 

5 
10 

15 

20 

25 

30 

35 
40 

45 
50 



65 

70 

75 
80 

85 
90 

91 
92 

93 
94 



98 
99 

100 

lOl 

102 

103 
104 

! 107 

: 108 

109 

no 
III 

112 

"3 
114 



"I 
no 

"7 
n8 



Pressure. 



Mm. of 
Mercury. 

P- 



4579 

6.541 

9.205 

12.779 

17.51 

2369 
3171 
42.02 

71.66 

92.30 
117.85 
149.19 
187.36 

23353 
289.0 

355-1 

433.5 
525.8 

546.1 

567.1 

588.7 
61 1.0 

634.0 

657.7 
682.1 

7073 
733-3 

760.0 

787.5 
815.9 

845.1 
875.1 

906.1 

937.9 
970.6 

1004.3 

1038.8 

1074.5 
iiii.i 

048.7 

1 187.4 

1227.1 



1267.9 
1309.8 
1352.8 

r/ , 1397.0 

f / '^9 I '442-4 



Kg. 
per sq. cm. 

p. 



I 



0.00623 
00889 
01252 

017x7 
02381 

03221 
043" 
05713 
07495 
09743 

12549 
16023 

20284 

2547 
3175 

3929 
4828 

5894 
7149 

7425 
7710 

8004 
8307 

.8620 
8942 
9274 
9616 
9970 

0333 
0707 

1093 
1490 

1898 

2319 

2752 

3'96 

3653 
4123 

4608 
5106 

5617 
6144 
6^ 

7338 
7808 

8393 
8993 
961 1 



Pds. 
per sq. in. 



0.0886 
.1265 
.1780 
.2471 
•3386 

.4581 

.6132 

.8126 

1. 0661 

1.3858 

1.7849 

2.279 

2.8S5 

3623 

4.516 

6!g67 

8.383 
10.167 



0.560 
0.966 
1.384 
1.815 

2.260 
2.718 

3.190 
3.678 
4.180 

4.697 
5.229 

5.778 
6.342 
6.923 

7.522 

8.137 

8.769 
9.420 

20.089 



20.777 
21.486 
22.214 
22.96a 

23729 

24.518 
25-328 
26.160 
27.015 

27.893 



Heat of the 
Liquid. 



Calories. 



0.00 

5.04 
10.06 
15.06 
20.06 

25.05 
30.04 

3503 
4ao2 

45.00 

49-99 
54.98 
997 
4.98 
69.98 



I 



74.99 
80.01 

85.04 

90.07 

91.08 
92.08 

9309 
94.10 

.11 

).I2 
97.12 

98. <3 
99.'4 

00.2 
01.2 
02.2 
03.2 
04.2 

OS- 2 
06.2 
07.2 
08.2 

09.3 

10.3 

"•3 
12.3 
13.3 
14-3 

16.4 

17.4 
18.4 
19.^ 



B. T U 



A 



0.0 

9.1 

18.1 

27.1 

36.1 

45-1 
54.1 
63.1 
72.0 
81.0 



90.0 

99.0 

108.0 

117.0 

126.0 

1350 
144.0 

153-1 
162.1 

163.9 
165.7 
167.5 
169.3 

171.2 

173-0 
174.8 
176.6 
178.5 

180.3 

182. 1 
183.9 
185.7 
187.6 

189.4 
191.2 

193.0 
194.8 
196.7 

198.5 
200,3 
ao2.i 
203.Q 
205.8 

207.6 
209.4 

211. 2 
213.0 

»H-9 



Heat of 
Vaporisation. 



Calories, 
r. 



595-4 
592.8 

584.9 

582.3 
579.0 
576.9 
574.2 

571.3 

568.4 
565.6 
562.8 
559.9 
556.9 

554.0 
55I.I 
548.1 

544.9 
544.3 

543-7 
543.1 
542.5 

541.9 
541.2 

540.6 

539.9 
539-3 

538.7 
538.1 

537-4 
536.8 

536.2 

535-6 
534.9 
534.2 
533.6 
532.9 

532.3 
531-6 
530.9 
530.3 
529.6 

528.9 
528.2 

527.5 
526.9 



520.. 

\ S26v 



B. T. U. 
r. 



071.7 
067.1 
062.3 
057.6 
052.8 

048.1 

043-3 
038.5 

033-5 
0284 



83.2 
[8.1 



02 ' 
oil 
01 3. 1 
007.8 
002.5 



997.3 
991-9 
986.5 
980.9 

979.8 

978.7 
977.6 

976.5 

975.4 
974.2 

973-1 
971.9 
97a8 

966.2 
965.1 

964.0 
962.8 
961.6 
960.5 

959-3 

958.1 

956.9 
955.7 
954.5 
953-3 

952.1 
950.8 

949-5 
948.4 

947.2 



Heat Equivaleu 

of 
Internal Work. 



Calories. 



565-3 
562.2 

559-0 

555-9 

5527 

549-5 
546.3 
543-1 
539.9 
536.S 

533.0 

529-7 
526.4 
523.0 

519.5 

516.0 
512.6 

509-1 
505.4 

504.7 
504-0 

503-3 
502.6 

501.9 
501. 1 
500.4 
499-6 
498.9 

498.2 

496.S 
496.1 
4954 

494.7 
493.9 
493-1 
492.4 
491.6 

490.9 
490.2 

489.4 
488.7 
487.9 

487.1 
486.3 

484^ 
484.0 



B.T.I 
p. 



1017. 1 
101 1.( 
1006.: 
lOOO.i 

994-^ 

^1 

983.^ 
977.( 

971-3 
965.} 

959.^ 
953-i 
947-! 
941." 
935-c 

928.S 
922.6 
916.3 
909-5 

908. c 
907.2 
906.C 
904.7 




896.S 
895.5 
894.1 
892.S 

89i.e 

89a'! 

889.C 
887.6 

886.1 
885.C 

883.6 
882.1 
880.S 




876.8 
875.4 

!73-5 
872.6 

871-3 
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II a « tha l e dp to ca l of the Mechanioil Equivmlent of Heat, p the jpresiure, • and v the specific Yoluinea of the 
■void and the satunited vapor, s —.0-, the change of volume, then the heat equivalent of the external work is Apu = 
Ab(s — 9). Heat equivalent of internal work, p = r — Apu. Fur exDerimenul sp. volt, see Knoblauch, Linde and 
JUdbe, Mm. fiber Forschungarbeiteu, ai, p. 33f 1905. Eniropv = S dQ/T, where dQ = amount of heat added at ab- 
loliue temperature T. For pressures of saturated steam see Holborn and Heuning, Ann. der Phyt. a6, p. 83s* 1908 ; 
br tempeiiuores above 305^ C corrected from Regnault. 





Heat Equivalent 








1 




1 


9. «*s 


5 _ • 


of External 






Specific Volume. | 


Density. | 


l^'^ 


Work. 


Entropy 
of the 
Liquid. 


Entropy 

of £vapo> 

ration. 










III 

En's 






Cubic Meters 


Cubid Feet 


Kilograms 
per Cubic 


Pounds 


Calories. 


B.T.U. 






per Kilo. 


P«' 


per 


^ ^ 












Snun* 


Pound. 


Meter. 


Cubic Foot. 




t 


Apo. 


Apo. 


« 


\ 


a 


a 


1 

8 


1 

B 


t 





jai 


54.2 


aooQo 


2.1804 


206.3 


3304. 


0.00485 


0.000303 


32.0 


5 


3a6 


55.2 
56.1 

5Z' 


.0183 


2.1320 
2.0850 
2.0396 


147.1 


2356. 


.00680 


.OCO424 


41.0 


10 
«5 


3»-2 
3»-7 


.0361 
•0537 


106.3 

77-9 
57i 


1703. 
1248. 


.00941 
.01283 


.000587 
.000801 


50.0 


ao 


32.2 


58.0 


.0709 


19959 


926. 


.01730 


xx}io8o 


25 3^-8 


59.0 


.0878 


19536 


4340 


695. 
528. 


.02304 


.001439 


Z7-0 


30 33-3 
35 33-8 


59.9 
00.9 

61.8 


.1044 


%t 


32.95 


•03035 
^3960 


.001894 


86.0 


.1207 


25.25 


404.7 


,002471 


95.Q 


40 


34-8 


.1368 


I.834I 


19.57 


313-5 


.0511 
.0656 


.003190 


1040 


45 


62.7 


.1526 


17963 


15.25 


2444 


.004092 


113.0 


SO 


35-4 


^^5 


.1682 


1.7597 


12.02 


192.6 


.0832 


.00519 
.00653 
.00814 


122.0 


II 


'l\ 


646 

^1 


.1980 


1.7242 
1.6899 


% 


153.2 
122.8 


.1046 

.1305 
.1615 


131.0 
140X> 


6s 


369 


•213s 
.2282 


1.6563 


6.19 


09.2 
80.7 


.01008 


I49:0 
158.0 


70 


374 


674 


1.6235 


5.04 


.1984 


.01239 


'^ 


38.0 


68.5 


.2427 


1.5918 


4-130 


66.2 


.2421 


.01510 
.01835 


167.0 


38.5 


693 


.2570 


1.5609 


3.404 


54.5 


.2938 


176.0 


85 


39.0 


70.2 


.2711 


1.5307 


2.824 


45.23 


.3541 


.02211 


185.0 


90 


39-5 


71.0 


.2851 


1.5010 


2.358 


37.77 


4241 


.02648 


194.0 


9» 


39-6 


71-3 


.2S79 


1.4052 


2.275 


3645 


•4395 


.02743 


195.8 


92 


39-7 


7'-2 

71.8 


.2906 


2.197 


3519 


4552 


.02842 


197.6 


93 
94 


39-8 
39-9 


•2934 
.2961 


14836 
M779 


2.122 

2.050 


34.00 
32.86 


'487^ 


.02941 
.03043 


199.4 
201.2 


95 


4ao 


72.0 


.2989 


14666 


1.980 


31.75 


•505 


•03149 


203.0 


90 


4a I 


72.1 


.3016 


1. 91 3 
1.849 


30.67 


•523 


.03260 


204.8 


97 


4a2 


72.3 


•3043 


1.4609 


29.63 


.541 


.03375 


206.6 


98 


40.3 


72.0 


.3070 


1.4552 


1.787 


28.64 


.560 


.03492 


2084 


99 


40-4 


.3097 


1.4496 


1.728 


27.69 


.579 


.03611 


2ia2 


100 


40.5 
40.6 


723 


•3125 


14441 


1. 67 1 


26.78 


.618 


.03734 


212.0 


lOI 


73-0 


•3' 52 


14386 


1. 61 7 


25.90 


X)386i 


213.8 


102 


40.6 


73-2 


•3>79 


14330 


1.564 


25.06 


•^J9 


.03990 


215.6 


»3 


40.7 


73-3 


.3205 


1.4275 


1.514 


24.25 


.661 


.04124 


2174 


104 


40.8 


73-5 


•3232 


1.4220 


1.465 


2347 


.683 


.04261 


219.2 


105 


40-9 


737 


%^ 


1.4165 


1.419 


22.73 


•705 


.04400 


221.0 


106 


41.0 


73.8 


X.4111 


1.374 


22.01 


.04543 
.04692 


222.8 


107 


41.1 


74-0 


•33»2 


1.4057 


1.33' 


21.31 


.75' 


224.6 


108 


41.2 


74-2 


•3339 
•33S5 


1.4003 


1.289 


20.64 


.776 
.801 


.04845 


226.4 


109 


41-3 


74.3 


1.3949 


1.248 


19.99 


.0500 


228.2 


no 


4M 


74.; 
74.0 


•3392 


1-3895 


1.209 


19.37 
18.77 


.827 


.0516 


230.0 j 


fii 


414 


.3418 


1.3842 


X.172 


III 


.0533 


231.8 


112 


41.6 


74.8 


•3445 


1.3789 


1. 136 


18.20 


.0550 
.0567 


233.6 


"3 


75.0 


.3471 


1.3736 
1.3683 


I.IOI 


17.64 


.908 


2354 


"4 


41.7 


751 


•3498 


1.068 


17.10 


.936 


.0585 


237.? 


1 "5 


41-8 


75.3 


•3524 


'•3631 


1.036 


16.59 


.965 


.0603 


239.0 


■ 116 


41.9 


75-4 


•3550 


J.3579 


1.005 


16.09 


•995 
1.026 


.0622 


240.8 


1 "7 


42.0 


75.6 


•3576 
.3602 


1-3527 


09746 


15.61 


.0641 


242.6 


118 


42.1 


75.8 


>-3475 


0.9460 


15.16 


1.057 
t.089 


.0659 


2444 


!"9 


42.2 75-9 


.3628 


1.3423 


0.9183 


14.72 


.0679 


246.2 
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ieat Eqoivaleiit 
f External Work. 



Apo. 



45-9 
40.0 

46.0 

46.1 

46.1 

46.2 
46.2 

46.3 
46.3 
46^ 

464 

46.5 
46.5 

46.0 

46.6 

46.7 
46.7 
46^ 
46.8 
46^ 

46.9 
47.0 
47.0 
47.0 
47.0 

47.1 
47.1 
47.2 
47.2 

47.3 

47-3 
47.3 
47.3 
47-4 
47-4 

474 
475 
47-5 
47-5 
47-5 

47.5 
47.5 



47 
47 
47 



5 
5 
5 



47- 

47. 

47. 

475 

47-5 



•5 
•5 
•5 



B.T.U. 



Apo. 



475 



82.6 
82.7 
82.8 
82.9 
83.0 

83.1 
83.2 

83.3 

835 

83.6 

837 
83.8 

83.8 
83.9 

84.0 
84.1 
84.2 

84.3 
84-3 

84.4 

84. 

84. 

84.6 

84.7 

84^ 

849 

84.9 
85.0 

85.1 

85.1 
85.2 
85.2 

85.3 
85.3 

854 
85.4 
85.5 
85.5 
85.5 

85.5 

III 

85.6 
85.6 

85.6 
85.6 
85.6 
85.6 
85.6 

85.6 



Entropy 

of the 

Liquid. 



0.4880 

•4903 
.4926 

4949 
.4972 

4995 
.5018 

.5041 
.5064 
.5087 

.5110 

.5133 
.5156 

.5178 

.5201 

.5224 
.5246 
.5269 
.5291 

•53M 



.5336 




•5403 
.5426 

.5448 
.5470 
.5492 
•5S»4 
.5536 




.5668 
.5690 
.5712 

•5733 
•5755 

•5777 

•5799 
•5820 

.5842 

.5863 

•5885 
.5906 

.5927 
•5948 

•5969 
•5991 



Entropy 
of Evapo- 
ration. 



r 



1. 1029 
1.0987 

1.0944 
I.OQOX 
1.0859 

I.0S17 
1.0775 
1.0733 
1. 0691 
1.0649 

1.0608 
1.0567 
1.0525 
1.0484 

1.0443 

1.0403 
T.O362 
1. 032 1 
1.0280 
1.0240 

1.0200 
I.OI60 
1. 01 20 
1.0080 
1.0040 

1. 0000 

0.9961 

.9922 

.9882 

•9843 

.9804 
.9765 
.9727 
.9688 
.9650 

.9611 
•9572 

•9534 
.9496 

•9458 

.9420 
.9382 

•9344 

•9307 
.9269 

.9232 

•9195 
•9^57 
.9120 

.9084 
.9047 



Specific Volume. 



Cubic 
Meters per 

Kilogram. 



a2423 
.2368 

.2314 
.2262 

.2212 

.2164 
.2117 
.2072 
.2027 

•1983 

.1041 
.1899 
.1857 
.1817 
.1778 

.1740 
.1702 
.1666 
.1632 
.1598 

.1565 

•'533 
.1501 

.1470 

.1440 

.1411 
.1382 

•1354 

.1327 
.1300 

.1274 
.1249 
.1225 
.1201 
.1177 

•"53 
.1130 

.1108 

.1086 

.1065 

.1044 
.1024 
.1004 
.0984 
.0965 

.0947 
.0928 
.0910 
.0893 
.0876 

.0860 



Cubic 

Feet per 

Pound. 



3.883 

3.794 

3.709 
3.626 

3.545 
3^467 

3-39J 
3.318 

3^247 
3.177 

3.109 
3-041 
2.974 
2.91 1 
2.849 

2.787 
2.727 
2.669 
2.614 
2.560 

2.507 
2.456 
2.405 

2.355 
2.306 

2.259 
2.214 
2.169 
2.126 
2.083 

2.041 
2.001 
1.962 

\n\ 

1.847 

1.810 

1.774 

1-739 
1.705 

1.673 
1.640 
1.608 

1.577 
1.546 

1. 516 
1.486 
1.458 
1.430 
1.403 



Density. 



Kilooams Pounds 
per Cubic per Cubic 
Meter. Foot. 



1 

•* 



4.127 
4.223 
4.322 

4.42 X 

4.521 

4.621 

4.724 
4.826 

4.933 

5-04 
5.15 

5.38 
5.50 

5.62 

6.00 

6.1 

6.2 

539 
6.52 

6.66 

6.80 

6.94 

7.09 
723 

7.38 

7.53 
7.69 

7-84 
8.00 

8.16 

8.33 
8.50 

8.67 
8.85 

9-03 
9.21 

9.39 

9.58 

9.77 

9.96 

10.16 

10.36 

10.56 
10.78 
10.99 
11.20 
1141 



1 



0.2 



%l 

.2696 
.2758 
.2821 

.2884 

.2949 
.3014 

.3080 

.3148 

.3217 
.3288 
.3362 

.3435 
.3510 

•3|88 

.3746 
.3826 
.3906 

•3989 
.4072 

.4158 

.4246 

4336 

.4426 
4516 
.4610 

.4704 
4801 

.4900 

.4998 
.510 

.520 

.53' 

.541 
.552 
.504 

•575 
-587 

•598 
.610 
.622 

.634 
.647 

.660 

-673 
.686 

.699 
.713 



ill 



1.376 \ \l.62 \ .121 



338-0 

339-8 
341.6 
3434 
345-2 

348i8 
350.6 
3524 
354.2 

356.0 
357.8 
359-6 
3614 

363-2 

% 

368.6 

3704 
372.2 

3740 
375.8 
377-6 

379-4 
381.2 

383.0 
384.8 
386.6 
388.4 
390.2 

392.0 

393-8 
395.6 
397.4 
399-2 

401.0 
402.8 
404.6 
406.4 
408.2 

410.0 
411.8 
413.6 

4154 
417.2 

419.0 
420.8 
422.6 

424.4 
426.2 



VA.Ci 
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Table 292. 



RATIO OF THE ELECTROSTATIC TO THE ELECTROMAGNETIC UNIT OF 

ELECTRICITY = F. 



Date. 


V 
Cm. per lec. 


Mean. 


Determined by 


Reference. 


1856 




3.IIX10M 


R. Kohlrausch and 
W. Weber. 


Pogg. Ann. 99 ; 18561. 


1868 


2.75-2.92 X io*<> 


2.84 


Maxwell. 


PhU. Trans. ; 1868. 


1869 


2.71-2.88 


2.81 


Thomson and King. 


B. A. Report; 1869. 


1874 


2.86-3.00 


2.90 


McKichan. 


Phil. Mag. 47 ; 1874. 


1879 


2.950-3.018 


2.98 X 


Rowland. 


PhU. Mag. 28 ; 1889. 


1879 


— 


2.96 


Ayrton and Perry. 
I]x>ckin. 


Phil. Mag. 7; 1879. 


1879 


~ 


2.967 


B. A. Report ; 1879. 


1880 


— 


2-955 


Shida. 


PhiL Mag. 10; 1880. 
Jour, de Phys. ; 1881. 


1881 


2.98-3.00 


2.Q9 
2.87 


Stoletow. 


1882 


^ %f 


Exner. 


Wien. Ber.; 1882. 


1883 


» 


2.963 


J. J. Thomson. 


Phil. Trans. ; 1883. 


1884 


3.001-3.029 


3.019 


KlemendC. 


Wicn. Ber. 83, 89, 93 ; 18S1-6. 


«< 


3.016-3.03I 








1886 


- 


3.015 


CoUey. 


Wied. Ann. 28; 1886. 


1886-S 
tt 


2.999-3.009 
3.003-3.008 


3.009 


Himstedt. 


Wied. Ann. 29, 33, 35 ; 1887-8. 


«f 


3.005-3.015 








1888 




2.92 


Thomson, Ajrrton 
and Perr)'. 


Electr. Rev. 23 ; 188S-9. 


1889 


2-99S-3-OIO 


3.000 


Rosa. 


Phil. Mag. 28 ; 1889. 


1890 




2.996 


J. J. Thomson and 
Searle. 


Phil. Trans. ; 1890. 


1891 


- 


3.009 


Pellat. 


Jour, tie Phys. 10 ; 1891. 


1892 


2.990-2.995 


2.991 


Abraham. 


Ann. Chim.et Phys. 27; 1829. 


1896 




3.001 


Hurmuzesca. 


Ann. Chim. ct Phys. 10 ; 1897. 


1898 


- 


2.9973 


Perot and Fabry. 


Ann. Chim. et Phys. 13 ; 18^. 


1898 


- 


3.026 


Webster. 


Phys. Rev. 6; 1898. 


1899 


— 


3009 


Lodge and Glaze- 
brook. 


Cam. Phil. Soc. 18 ; 1899. 


1904-7 


2.99706-2.99741 


2.9971 


Rosa and Dorsey. 


Bull. Bur. Standards 3 ; 1907. 



The last of the above determinations is the result of an extended series of measurements upon 
various forms of condensers, and is believed to be correct within i /too per cent. This, however, 
assumes that the International Ohm is 10^ c.g.8. units. The value of Kis therefore subject to 
one-half the error of the International Ohm. 
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ABSOLUTE MEASUREMENTS OF CURRENTS AND OF THE ELECTRO- 
MOTIVE FORCE OF STANDARD CELLS. 



DMte. 


Obtervw. 


Method. 


Electromotive 
Force * of 


Electrochemical Equiv- 
alent of Silver. 


1 
§ 

X 

3 
3 

4 

5 

6 

I 

9 
xo 

XX 
X3 

»3 
»4 

»5 
16 

17 
x8 

«9 
so 

31 
33 

a3 
a4 
»5 

36 


CUrk 
Cell at 
x5<»C. 


Weston 
Cell at 
30OC. 


Filter 
Paper 
Volta- 
meter. 


Porous 
Cup 
Volu- 
meter. 


No. 

Septum 

Volta- 

meter. 


1873 

1873 
1883 
1884 
1884 
1886 

1887 
1890 
1896 
189S 
X899 
190a 
t<m 
1904 
1905 
1906 
X907 
1907 
X908 
X908 

X908 

191 X 
I9XX 

X9I3 
19x4 


Clark 

F. Kohlrauach 

Maacart 

F. and W. Kohlravsch . 

Rayleigh and Sedgwick 

Gray 

Koepael 

Potier and Pellat 

Kahlet 

Patterson and Gnthe 

Carhart and Guthe 

Callendar and King 

Pellat and Leduc 

Van Dijk and Kunst 

Guthe 

Van Dijk 

Ayrton, Mather and Smith 

Smith, Mather and Lowry 

Janet, Laporte and Jouaust t 

Janet, Laporte and de la Gorce 

Guillet t 

Pellat t 

Rosa, Dorsev and Miller 

Roca, Vinal and McDaniel 

Haga and Boerexna 

Shaw and Callendar 


1 Electrodynamometer 
( Sine Galvanometer 
Tangent Galvanometer 
Current Balance 
Tangent Galvanometer 
Current Balance 
Sine Galvanometer 
Electromag. Balance 
Electrodynamometer 
Electrodynamometer 
Electrodynamometer 
Electrodynamometer 
Electrodynamometer 
Electrodynamometer 
Tangent Galvanometer 
Electrodynamometer 
Revision of X904 work 
Current Balance 
With the above 
Current Balance 
With the above 
Current Balance 
Electrodynamometer 
Current Balance 
With the above 
Tangent Galvanometer 
Electrodynamometer 


Volts. 

1-4573 
1.4563 

t-435 

«-43aS 

14333 
1-4334 

X. 43396 
x.43a3 


Volts. 

1.0183 

X. 0x853 

X. 0x8 19 

X4>x836 

X.01813 
1.0x83 X 
x.ot8aa 

X .0x834 
X.0X83X 


Mg. 

1.X363 

1.1x794 
X.XX740 

X.XX93 

x.tx95 
X.X1833 

X.XX837 
x.xi8ax 


Mg. 

X.XX773 
x.ix8o 

X.X1804 


Mg. 

1.XX56 
X.X183 

X.XX83 

1.1x93 

X.XX83 

X.11804 
X.X1803 


X Proc. Roy. Soc. May 30th, 187a (Values in B. A. volts 14 Ann. d. Phys. vol. 14, p. 569, 1904. 

at X5.5 C). X5 Bull. B. S. vol. 3. p. 33, 1906. 
3 Pocg. Ann. vol. 149, p. 170 (anode wrapped in cloth). x6 Ann. d. Phys. vol. 19, p. 349, 1906. 

3 J. de Phys. vol. x, p. 109, vol. 3, p. 383. xy Phil. Trans. A, vol. 307, p. 463, 1908. 

4 Wied. Ann. vol. 27, p. x, x886. x8 Phil. Trans. A, vol. 307, p. 545, 1908. 

5 Phil. Trans. A, vol. X75, p. 41 x, 1884. 19 Bull. Int. Soc. Electr. \<A. 8, p. 459, 190S. C. R. 

6 Phil. Mag. vol. aa, p. 389, x886. X5t, p. 7x8, 191 1. 

7 Ann. d. Phjs. vol. 31, p. 350, X887. ao Bull. Int. Soc. Electr. vol. 8, p. 533, X908. 

8 J . de Phys. vol. 9, p. 381, X890. ax Bull. Int. Soc. Electr. vol. 8, p. 535, 1908. 

9 Zs. f. Instr. vol. 17, p. 97, X43-4, vol. 18, p. 376. as Bull. Int. Soc Electr. vol. 8. p. 573, X908. 
(10 Phys. Rev. vol. 7, p. 357. (Added Ag^O). 33 Bull. Bureau Sundards, vol. 8, p. 369, 19x3. 
XI Phvs. Rev. vol. 9, p. 388, X899. 34 Bull. Bureau Standards, vol. 8, p. 367, 19L3. 
la Phil. Trans. A, vol. 199, p. 8x, X903. 35 Arch. Neer. Sci. IIIA, vol. 3, p. 334, X913. 
(3 C R. vol. 136, p. X649. (Muslin and filter paper both a6 Phil. Trans. voL 3x4, p. 147, 1914. 

used.) 


vol. 



* The values given in these columns are not strictly absolute volts rince they were in most cases determined in terms 
d an absolute ampere and an international ohm. Hence they may be called '* semi-absolute.'* A semi-absolute volt 
dSffers from the intenutional volt by the same proportional amount as the absolute ohm differs from the international 
ohm. 

t Other values for the voltage of standard cells commonly given as Kah1e*s results and used officially by the German 
Reicbsanstalt are based upon the silver voltameter and tne international ohm and upon no absolute measurements 
whatever. The value x.x X83 includes 5 filter paper determinations out of 36 observations. 

} These values have been corrected tor the difference between the French ohm at that time and the ohm in use elae- 
wbere. (C. R. vol. 153, p. 7x8). 

Measurements prior to Van Dijk ( 1906) and the subsequent filter paper voltameter determinations are now only of 
hntorical interest, but the laice amount of work done in recent years lends some interest to these early determinations. 
l*he errors due to the use of filter paper 9nd other impurities (add, alkali, colloidal matter, etc.) in the voltameter 
electrolyte make it impossible to apply corrections. The values for the cell are not readily comparable owing to varia- 
tions ra the voluge of the cell itself and the unit of resisUnce. See Dom, Wise. Abhl. der Phys. Tech. Reich., vol. 1 1, p. 
XS7- Smce iQtt the voluge adopted for the Weston Normal Cell at soP C. is xx>x83 international volts in all the leading 
oonmries. The international volt is to be distinguished from the absolute volt since it is based on the definition of the 
mercory ohm and the silver volumeter, taking the electrochemical equivalent of silver to be x. 11800 mg per coulomb. 
The difference between the international volt and the absolute volt is negligible for practical purposes. The tempera- 
tnre coefficient of the Western Normal Cell (saturated type) u given in Table 294. The new value of the Weston cell 
was adopted in the United States on January t, 19x1. 
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Table 294. 



COMPOSITION AND ELECTROMOTIVE FORCE OF VOLTAIC CELLS, 

The electromodve forces giren in this table ftpprorimttely r e pr ese nt what may be expected from a cdl m good 
ing order, but with the excepdon of the standard cells all of them are sobject to oooaidenbic ▼amtkM&. 



(a) Double Wum CttLLs. 



Naune of 

cell. 



Bnnsen. 



Chromate 



u 



Daniell 



<f 



Grove 



M 



U 



M 



M 



W 



Negadve pok. 



Am.lg«n«ed«UK:{'P^SO^««j 



f« 



M 



Mari^ Davy 



Partz . . 



M 



M 



i( 



M 



14 



M 



M 



(4 



44 



M 



H 



M 



M 



M 



14 



U 



U 



M 



«« 



i2partsKsCra07 
to 2C parts of 
HaS04 and loo 
parts HsO . 

( I part H2SO4 to I 
I 12 parts HsO . ( 

( I part HjSO^ to ) 
] 4 parts HiO . ) 

( I part H2SO4 to I 
{ 12 parts H2O . ) 



Podtive 
pole 



Carbon 



i 



5% solution of ) 
ZnS04 + 6HaO ( 

( I part NaCl to ) 
I 4 parts H2O . ( 

( I part H2SO4 to ) 
( 12 parts H2O . ) 

Solution of ZnS04 



( H2SO4 solution, ) 
( density 1.136 . ) 

( H2SO4 solution, ) 
I density 1.136 . ( 

( H2SO4 solution, ) 
( density 1.06 . ) 

!H2S04 solution, ) 
density 1.14 . ) 

1H2S04 solution, ) 
density 1.06 . ) 

NaCl solution . . 

( I part H2SO4 to ) 
{ 12 parts H2O ) 

Solution of MgS04 



Copper 



Platinum 



M 






Fuming HsNOt 
HNOt, density 1.58 



I part H2SO4 to } 
12 parts H2O . ) 



12 parts K2Cr207 I 
to 100 parts H2O ) 



{Saturated solution ) 
0fCuS04+sH20J 



M 



«-94 
1.86 



M 



M 



Carbon 



Fuming HNOt . . 

HNOn density 1.33 

Concentrated HNOf 



HNO|, density 1.33 



HNOt, density 1.19 



u 



u 



** density 1.33 

C Paste of protosul- 
< phate of mercury 
( and water . . . 

Solution of K2Cr207 



2X>3 
1X36 

1.09 

1.68 
1.05 

1-93 
1.66 

1.93 

1.79 

1.71 

1.66 

1. 61 
1.8S 

1.50 
2.06 



* The Minotto or Sawdust, the Meidin^. the Callaud, and the Lockwood cella an modificatioBS of the Daniell, 
and hence have about the same electromouve force. 
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COMPOSITION AND ELECTROMOTIVE FORCE OP VOLTAIC CELL8. 



Nameof ceU. 



Negfttivs 
pole. 



Solution. 



Poflti?e pole. 



XLm BS. If. 
in Tolta. 



OH) SiNULB Fluid Cills. 



Ledanche . . . 

Chaperon . . . 
EdisoD-Lelande . 
Chloride of silver 
Law 

Dry cell (Gassner) 
Poggendorff . . 



J. Regnault . . . 
Volta couple . . 



Amal.rinc 
<« II 

M M 

Zinc . . 



Amal.zinc 



M a 



M u 



Zinc . . 



Solution of sal-ammo- ) 
niac ) 



{Solution of caustic 
potash 



M 



1 



23 % solution of sal- 
ammoniac . 

15% 

ipt.ZnO, iptNHiCl, 

3 pts. plaster of paris, 

2 pts. ZnCla«and water 

to make a paste . . 

Solution of chromate 

of potash . . . . 
12 parts KsCrsO? 4- 

25 parts H8SO4 4- 

100 parts 11 2O 
I part HfSOi + 

12 parts HsO -f- 

I part CaS04 
H,0 .... 



! 






' Carbon. Depolari- 
zer : manganese 
peroxide with 
powdered carbon 
Copper. Depolar 
izer: CuO 



( Silver. 
( zer : sil 
Carbon . 



Depolari 
silver cnrride 



Cadmium 
Copper . 



146 

agS 
a70 
IJ02 

1-37 
1-3 

2.01 

0.34 
0.98 



(0) Standard Cklls. 



Weston normal 



Clark standard 



(Cadmi'm) 
I am'Igam) 



I Zinc I 
( am'Igam) 



I 



Saturated solution of 
CdSO^ 



Saturated solution of 



ZnSO* 



Mercury. 
Depolarizer: paste 
of HgsSOi and 
CdS04 . . . . 

Mercury. 
Depolarizer: paste 
of HgsSOi and 
ZnS04 . . . . 



i.oi83» 
at 20® C 



M34 
at is'C 



(d) Sbcondaky Chlls. 



Lead accumulator 

Regnier (i) . . . 
(2). . . 



u 

Main 



Edison 



Lead . 



Copper . 

Amal. zinc 
Amal.zinc 

Iron . . 



( H9SO4 solution of ) 
] density i.i . . . ) 

CUSO44-H9SO4 . . 

ZnS04 solution . . . 
HsS04 density ab*t I.I 

KOH 20 % solution . 



PbOa 



" inHtS04 . 

w 



A nickel oxide 



2.2t 

C 1.68 to 
< 0.85, av- 
( crage 1.3. 

2.36 

2.50 
I.I, mean 

of full 
discharge. 



* The temperature fonnula is £, = Em — 0.0000406 (t — ao)— aoooooogs (t — ao)* + 0.00000001 (t — so)>. 
I The Talue given for the Clark cell is the old one adopted by the Chicago Intematioiul Electrical Congress in 1893* 
The tcmpcratore formula is E,= E^ — 0.00119 (^ — 15) — 0.000007 (t — 15)*. 

dK 
t F. StieintB gives the fbllowiog value of the temperature variation ^ at different sti^s of chaige : 

dt 
E. M. F. I.9SS3 1.9838 9x»3i aux>84 9jaio% a.0779 a.aoTo 

dE/dtXic^ 140 aa8 335 285 255 130 73 

Polftaldr ^vM the following relation between E. M. F. and add concentration : 

Per cent HaSOft 64.3 sa.a 35.3 ai.4 5^ 
S.M.F., cPC a.37 a.a5 a.io a.00 1.89 
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TablK 295. 



CONTACT DIFFERENCE OF 
Solids witk Ll«ildi aai 



Temperatore of rabitanOM 



Distilled water 



Alum solution : saturated 

at 160.5 C 

Copper sulphate solution : 

sp. gr. 1.087 at i6°.6 C. 
Copper sulphate solution : 

saturated at 1 5° C. . . ) 
Sea salt solution: sp. gr. ) 

1. 18 at 20°. 5 C. . . . ( 
Sal-ammoniac solution : J 

saturated at 15^.5 C. . ) 
Zinc sulphate solution : sp. ) 

gr. 1.12c at i6°.9 C. . . J 
Zinc sulphate solution : i 

saturatea at 1 5^.3 C. . ) 
One part distilled water -f 

3 parts saturated zinc 

sulphate solution . . . 
Strong sulphuric acid in 

distilled water : 

I to 20 by weight . • . 

I to 10 by volume . • . 
I to 5 by weight .... 

5 to I by weight . . . . 



Concentrated sulphuric acid 

Concentrated nitric acid . 

Mercurous sulphate paste . 

Distilled water containing l 

trace of sulphuric acid ) 



.01 
to 

.17 



{ about \ 
\ —-03s J 




269 

to 
100 

127 

K>3 

070 

475 
396 



1.H3 



.148 
•653 



-.605 
-.652 



.171 
139 



—.189 



— .120 

.72 

to 

1.252 



i 

I 



•345) 
.246 



—.856 
•059 



1.3 ) 
to I 

1.6 ) 

.672 



a 



•»77 

.225 



—•334 
-.364 



—.25 



i 



1 



—.105 

to 

+.156 
—•536 



—.565 

— 637 
—.238 

—•430 



—.344 



—.241 



• STtrBtt*t " Umt> and Phyncal Conttantt: " TaUe of 
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POTENTIAL IN VOLT8. 

LI«nMs wtOi Uqiilds In Alr.« 



dnring experiment about 16° C 





Amalgamated 
sine 


n 


t 

S 


1 


Alum solution : 
saturated at x6°,s C. 


Copper sulphate solution : 
saturated at 15® C 


s: 

0.- 


Zinc sulphate solution : 
saturated at 15^.3 C. 


One part distilled water 1 
+ 3 pts. sine sulphate. 1 


s 

1 


Distilled water 

Alum solution : saturated ) 

at i6°.s C ( 

Copper sulphate solution : i 

sp. gr. ixAj at i6°.6 C. 
Copper sulphate solution : ) 

saturated at i^^C. . . ) 
Sea sadt solution : sp. gr. ) 

1.18 at 20°. 5 C. . . . ( 
Sal-ammoniac solution : ! 

saturated at 15^.5 C. . ) 
Zinc sulphate solution : ) 

sp. gr. 1. 125 at 16^.9 C. ) 
Zinc sulphate solution : i 

saturated at 15^.3 C. . ) 
One part distilled water -f- ) 

3 parts saturated zinc > 

sulphate solution . . ) 
Strong sulphuric acid in 

distilled water : 

I to 20 by weight • . . 

I to 10 by volume . . . 
I to 5 by weight .... 

5 to I by weight .... 

Concentrated sulphuric acid 

Concentrated nitric acid . 

Mercurous sulphate paste . 

Dbtilled water containing ) 

1 trace of sulphuric acid . ) 


.100 

—.284 

-.358 
.429 

.848 


•231 
— .014 

—•435 
—•348 

—.016 


.475 


-•043 
— .200 

1.298 


1456 


—.043 

—.095 
— .102 

1.269 


.090 


.164 
.095 

1.699 


.102 


.078 



Ayrton and Perry's results, prepared by Ayrtoo. 
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266 



Tablk 296. 



CONTACT DIFFERENCE OF POTENTIAL IN VOLTS. 

BoUdi wltli SoUdi In Alr.« 

The following results are the ** Volta differences of potential," as measured by an electrometer. 
They represent the difference of the potentials of the air near each of two metals placed in con- 
tact. This should not be confused with the junction electromotive force at the junction of two 
metals in metallic contact, which has a definite value, proi^ortional to the coefiicient of Peltier 
effect. The Vulta difference of potential has been found to vary with the condition of the me- 
tallic surfaces and with the nature of the surrounding gas. No great reliance, therefore, can be 
placed on the tabulated values. 

The temperature of the substances during the experiment was about i8^ C. 





Carbon. 


Copper. 


Iron. 


Lead. 


Platinum. 


Tin. 


Zinc. 


Zinc 
anal- 


BraM. 


Carbon . . . 





•370 


48s 


.858 


.113 


•795 


1.096! 


I.208t 


•4l4t 


Copper . . . 


—•370 





.146 


.542 


—.238 


456 


.750 


-894 


.087 


Iron .... 


-.485t 


—.146 





401 1 


-.369 


•3i3t 


.6oot 


•744t 


-.064 


Lead . . . 


—.858 


—•542 


—401 





—•771 


—.099 


.210 


•357t 


—472 


Platinum . . 


— .ii3t 


.238 


•369 


•771 





.690 


.981 


I.I2St 


.287 


Tin ... . 


— •79St 


-.458 


-•3U 


.099 


— .690 





.281 


•463 


—•372 


Zinc .... 


—1.0961 


—750 


—.600 


—.216 


—.981 


.281 





.144 


—.679 


" amalgam 


— I.208t 


—894 


—.744 


— 3S7t 


— I.I25t 


—.463 


—.144 





—.822 


Brass . . . 


—414 


—.087 


.064 


.472 


-.287 


.372 


.679 


.822 





The numbers not marked were obtained by direct experiment, those marked with a dag* 
ger by calculation, on the assumption that in a compound circuit of metals, all at the same 
temperature, there is no electromotive force. 


The numbers in the same vertical column are the differences of potential m volts between 
the substance named at the top of the column and the substance named on the same line in 
the first column, when the two substances are in contact. 


The metals used were those ordinarily obtained in commerce. 



* Everett '1 " Uniu and Physical Conatants." The table is from Ayrton and Peny'a experimaits, and 
pared by Ayrton. 
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mFPCRENCB OF POTENTIAL. BETWEEN METALS IN SOLUTIONS OF 

SALTS. 

lltfoDcmqc aaaben are ghrcn bjr O. liagnaniai* for the difference of potential in hundredths of a volt between 
mc im a noraial tolvtioo of Milpharic add and the meuls named at the bead of the different columns when placed 
ii Ac sofattioB named b the firrt colnran. The solutions were contaitied in a U-tube, and the sign of the diffeiw 
of potential ia Micii that the cnrreBt will flow from the more positire to the less positive through the ex- 



Smagtb of the aohitkm in 














gran 


inMecnlea par 


Ziaci 


Cadminm.t 


Lead. 


Tin. 


Copper. 


Silrer. 




liter. 














lfo.of 
nHffglft- 


Sak. 


Difference of potential in centivolts. 


^S 


HsS04 


0.0 


36.6 


31.8 


51-3 


ioa7 


121.3 
95.8 


ija 


NaOH 


—32.1 


19s 


0.2 


80.2 


14) 


KOH 


—42.5 


35-0 


32.0 


— 1.2 


77.0 


104.0 


^S 


NaiS04 


M 


50.8 


5'-4 


101.3 
38.8 


120.9 
64.8 


u> 


NatSjO, 


—5-9 


24.1 


45-3 


457 


LO 


KNOt 


II.8I 


31-9 


42.6 


3'i 


81.2 


105.7 


IjO 


NaNOt 


11.5 


42.8 


51.0 


40.9 


957 


114.8 


«-S 


KtCrOi 


23-91 
72.8 


41.2 


^•9 


94.6 


121.0 


0^5 


KsCnOr 


61. 1 


78.4 


68.1 


123.6 


132.4 


<^5 


KsS04 


1.8 


347 


5ix> 


40.9 


957 


114.8 


<^5 


(NH4)2S04 


-0.5 


37J 


53-2 


S7.6t 


101.5 


125.7 


025 
ai67 


K4FeC6N4 


—6.1 


Ul 


50.7 


41.2 


— t 


87.8 


KaFesCCN), 


4i.o§ 


81.2 


130-9 


iicy 


124.9 


IJO 


KCNS 


—1.2 


32.5 


52.8 


527 


103.6 


72.5 
104.6? 


ix> 


NaNOt 


4.5 


35-2 


50.2 


49.0 


^S 


SrNOi 


14.8 


38.3 


50.6 


48.7 


103.0 


"9-3 


ai25 


Ba(NO,), 


21.9 


39-3 
35-6 


517 


52.8 


109.6 


121. 5 


IJO 


KNOs 


-1 


53-8 


49-9 


104.8 


1 1 5.0 


0.2 


KClOg 


15-iot 


39-9 


577 


'05-3 


120.0 
120.8 


ai67 


KBrOt 


13-201 


40.7 


5«-3 


50.9 


1 1 1.3 


I4> 


NH4CI 


li 


32.4 


5»-3 


50.0 


8l.2 


101.7 


i^ 


KF 


22.5 


41. 1 


50.8 


61.3 


61.5 


IJD 


Naa 


— 


31-9 


51.2 


50.3 


80.9 


101.3 


I4> 


KBr 


2.3 


3«7 


47.2 


52-0 


V^ 


82.4 


IJO 


KCl 




32.1 


51.6 


81.6 


107.6 


^S 


Na«SOs 


—8.3 


28.7 


41.0 


31.0 


68.7 


1037 


-1 


NaOBr 


18.4 


41.6 


73-1 


70.6 1 


89.9 


997 


JJO 


CiHeOe 


5-5 


397 


61.3 
61.6 


54.4§ 


104.6 


123.4 


0-5 


C4H«0. 


4.1 


41.3 


57-6 


110.9 


125.7 


^S 


C4H4KNa06 


—7-9 


315 


515 


42-47 


100.8 


119.7 



• •' Rend. deUa R. Ace. di Roma/' 189a 

t Amalgamated. 

t Not constant. 

I After some time. 

I A quantity of bromine wu used corresponding to NaOH 



= 1. 
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Table 298. 
THERMOELECTRIC POWER. 



The thermoelectric power of a circuit of two metals is the electromotive force produced by one 
degree C. difference ot temperature between the junctions. The thermoelectric power varies with 
the temperature, thus : thermoelectric power = Q = d£ /iit = A -|- Bt^ where A is the thermoelec- 
tric power at o° C, Z^ is a constant, and / is the mean temperature of the junctions. The neutral 
point is the temperature at which dE fdt=^o^ and its value is — A/B» When a current is caused 
to flow in a circuit of two metals origmally at a uniform temperature, heat is liberated at one of 
the junctions and absorbed at the other. The rate of production or liberation of heat at each 
junction, or Peltier effect, is given in calories per second, by multiplying the current by the co- 
efficient of the Peltier effect. Thb coefficient in calories per coulomb = QT/J, in which Q is in 
volts, 7*is the absolute temperature of the junction, and ^=4.19. Heat is also liberated or ab- 
sorbed in each of the metals as the current flows through portions of varying temperature. The 
rate of production or liberation of heat in each metal, or the Thomson effect, is given in calories 
per second by multiplying the current by the coefficient of the Thomson effect. This coefficient, 
m calories per coulomb, = iff 7^9/7*, in which B is in volts per degree C, 7" is the mean absolute 
temperature of the junctions, and d is the difference of temperature of the junctions. {BT) is Sir 
W. Thomson's " Specific Heat of electricity." The algebraic signs are so chosen in the following 
table that when A is positive, the current flows in the metal considered from the hot junction to 
the cold. When B is positive, Q increases (algebraically) with the temperature. The values of 
At Bt and thermoelectric power, in the following table are with respect to lead as the other 
metal of the thermoelectric circuit. The thermoelectric power of a couple composed of two 
metals, i and 2, is given by subtracting the value for 2 from that for i ; when this difference is 
positive, the current flows from the hot junction to the cold in i. In the following table, A is given 
m microvolts, B in microvolts per degree C, and the neutral point in degrees C. 

The table has been compiled from the results of Kecquerel, Matthlcssen and Tait ; in reducing 
the results, the electromotive force of the Grove and Daniell cells has been taken as 1.95 and 
1.07 volts. The value for constantin was reduced from results given in Landolt-Bomstein's 
tables. The thermoelectric powers of antimony and bismuth alloys are given by Becquerel in the 
reference given below. 



Substance. 



u 



Aluminum 

Antimony, comm'l pressed wire 

** axial ...'... 

'* equatorial . . . . 

" ordinary . . . . 
Argentan 

u .... 

Arsenic ,. • 

Bismuth, comm'l pressed wire . 

pure " " . 

crystal, axial . . . 

** equatorial . . 

commercial .... 

Cadmium 

** fused 

Cobalt 

Constantan 

Copper 

** commercial .... 

" galvanoplastic . . . 

Gold 

ti 

Iron 

" pianoforte wire .... 

** commercial 

(I w ...... 

Lead 

Magnesium 

Mercury 

Nickel 

" (— iS^* to 175®) .... 

•' (2;o«-3oo«) 

" (above 340®) . . . . 



A 

Microvolts. 



— 0.76 



B 

Microvolts. 



11.94 



4-2.63 



+ 1-34 



+ 2.80 
+ 17.15 



-f 2.22 



— 21.8 
— 304 



+ 0.0039 



Theimoelectric power 

at mean temp, of 
janctions (microvolts). 



joOC 



— 0.0506 



•f 0.0424 



-f 0.0094 



-f 0.01 01 
— O.04S2 



0.0000 
— 0.0094 



— 0.0506 
4- 0.2384 

— 0.0506 



— 0.68 

+ 6.0 

+ 22.6 

-|- 26.4 

4-17.0 

— 12.95 

— 13-56 

— 07.0 

— 89.0 

— 65.0 

— 45-0 
+ 3-48 

— 22. 

+ 1-52 
4- o.io 

+ 3-8 
4-1.2 

+ 30 
4- 16.2 

+ «7.5 



— 0.00 
4-2.03 

— 0.413 



— 22.8 



50PC. 



— 0.56 



Neutral 
point 

A 
"B' 



+ 195 



14.47 
12.7 



— 39-9 

4-475 
4-2.45 

— 19-3 
4. 1.81 



.4- 3-30 
4- 1474 

4- 12.10 

4-9.10 

0.00 

4- 175 

— 3-30 

— 15.50 

— 24.33 



— 236 



Author- 
ity. 



— 62 



— M3 



[— 277] 
4-356 



4-236 



[-431] 



T 
M 

4< 
<f 

B 
T 
B 

M 

<* 

M 
Cl 
U 

B 
T 
B 
M 

T 

M 

ii 

M 

T 

M 

M 

B 

(4 

T 
M 

B 

M 

T 
«< 
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f 



9 



Palladium .••.... 
it 

Phosphorus (red) .... 

Platinum 

" (hardened) . . . 
" (malleable) . . . 

•* wire 

" another specimen . 

Platinum-iridium alloys : 

8s%Pt-fi5%Ir . . . 

90%Pt4"io%Ir . , . 

957bPt+5%Ir . . . 

Selenium 

saver 

** (pure hard) . . . . 

*• wire 

Steel 

Tellurium 

M 

Tellurium $ 

a 

Tin (commercial) .... 

M 
M 

Zinc 

** pure pressed .... 



A 

Microvolts. 



B 
Microvolts. 



>.i8 



+2.57 



.60 



+790 

+590 
+6.15 

+2.12 



-fll.27 



-0.43 
+ 2.32 



•0355 



—0.0074 

— aoio9 



4-0.0062 

— 0-0133 
+0.0055 

+0.0147 



■0325 



Thermoelectric power 

at mean temp of 
junctions (microvulu). 



xfiC. 



+0.0051 
+0.0231 



— 6.9 

+29.9 
+0.9 
+2.42 
—.818 



+8.03 

+6! 26 

+807. 

+2.41 
+300 

+10.62 
+502. 

+500. 
+160. 

+0.1 

-0.33 
+2.79 

+3-7 



SoPC. 



-7.96 
—6.9 



+2,20 

+0.94 
— 2.14 

+8.21 

+S-23 
+6.42 

+2.86 

+2.18 
+9.65 

+429.3 



+0-33 



.16 
+3-S« 



Neutral 
point 
A 

~B' 



— >74 



347 
-55 



[— ^274] 

444 
[-1118] 

—144 



347 



7^ 
--98 



Author- 
ity. 



T 
B 
M 

M 

T 
If 

B 
f« 



u 

M 

T 

M 

B 

T 

M 

B 

H 

H 

M 

M 

T 
ti 

M 



B Ed. Becquerel, *« Ann. de Chim. et de Phys." [4] vol. 8. 
M Matthiesen, " Pogg. Ann." vol. 103, reduced by Fleming Jenkin. 
T Tait, "Trans. R. S. E." vol. 27, reduced by Mascart. 

H Haken, Ann. dcr Phys. 32, p. 291, 191a (Electrical conductivity »f Te/B = o.04, Tea 1.7 
e. ro. units.) 



TABLB asa. — ntmosliotrio Powar of AII071. 

The thermoelectric powiem of a number of alloys are given in this table, the authoritj being Ed. Becquerel. They are 
relative to lead, and for a mean temperature of 50® C In reducing the results uom cqiiper as, a reference metal, 
the thermoelectric power of lead to copper was taken as — 1.9. 



18-2 

Hi 



Sofastance. 



Antimony 
Cadmium 

Antimony 
Cadmium 
Zinc 

Antimony 
Cadmium 
Bismuth 

Antimony 
Zinc 

Antimony 

Zinc 

Bismuth 

Antimony 
Cadmium 
Uad 
Zinc 

Antimony 
Cadmium 
Zinc 
Tin 



in 

$! u ^ 



227 



146 



137 



95 



8.1 



76 



46 



Substance. 



•8 = 

K o- 



I 



Antimony 

Zinc 

Tin 

Antimony 
Cadmium 
Zinc 

Antimony 
Tellurium 

Antimony 
Bismuth 

Antimony 
Iron 

Antimony 
Magnesium 

Antimony 
Lead 

Bismuth 

Bismuth 
Antimony 



:l 



43 

35 

10.2 
8.8 

2-5 
1.4 

-0.4 

■43-8 
-33-4 



Substance. 



I 



Bismuth 
Antimony 

Bismuth 
Antimony 

Bismuth 
Antimony 

Bismuth 
Antimony 

Bismuth 
Tin 

Bismuth 
Selenium 

Bismuth 
Zinc 

Bismuth 
Arsenic 

Bismuth 
Bismuth sulphide 



•wm 99-m 

P< o- 


Thermoelec- 
tric power in 
microvolts. 


-51.4 


!l 


—63.2 


■?l 


-68.2 


■rl 


-66.9 


:( 


60 


■;! 


—24.5 


■:i 


— 3IJ 


"1 


— ^46.0 


I I 

> 

I ) 


68.1 
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•Si '»t ■* ^K «J 



+700 
+S00 
+900 



m 



[x 



^\ 



—0.34 
--37 



iLiJ 



* Holbcn mud Day. 



TA8LB »1.- 


ThttvU a K r. «f FUttBi: 


».RkBUD 


a AllBT* Atalul Pm PlitlD 


■a. Im xmiTCUa.* 


' 


ip.ct. 


5P.C1. 


>o p. CI. 


.tlLd. 


-,... 


Jiip.ctt 


,8p.Ct.l 


«»p.a.j 


Low. 


High. 


duA 


lOO" 


Oil 


°s 


0.6, 


0.64 


0.64 


0.6s 








&6s 






1-41 


'■43 


M3 


I. SO 








1.51 


300 








*-3J 


a-3J 


a^i 




a-34 


MS 


*-i7 


400 




'•S3 


3-a" 




3.1s 


3-45 




350 






n 

JS 


'■45 


3." 

IS 


4-17 
;.i6 
4i9 


4^3 

i:3 


4-^3 

iS 


4-55 


a 


4-93 


8.14 




6.05 


7.2s 
8.35 


K 


li\ 


1=3 






9^7 








10.09 




11.09 


11.74 










9.60 




10.56 


11.65 


ia.4J 


12.94 


>3-74 


l'» 


24S 


ZS3 


:rs 


10.77 


10.74 


■'1 


;i:^ 


;f^4 


1499 


1300 


2,t.s 


<^o6 




,,.,« 




.0.6, 


si; 


19.51 


«U6 


1400 




9.82 


14.M 


ii 


1434 




21.73 




,r 


3.05 


10-S6 


;i8^ 


'SSS 




20.15 








1700 


1-4(. 


IJ-OS 


;e 


.8.03 


17.95 


21.47 


"3-65 








17 ss 


s-st* 


"-44 






22.31 


2455 




•••• 


•••• 
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The coefficient of Peltier effect may be calculated from the constants A and B of Table 2p8, 
as there shown. Experimental results, expressed in slightly different units, are here given. The 
figures are for the heat production at a junction of copper and the metal named, in calories per 
ampere-hour. The current flowing from copper to the metal named, a positive sign indicates 
a warming of the junction. The temperature not being stated by either author, and Le Roux not 
giving the algebraic signs, these results are not of great value. 











Calories per ampere-bour. 








1 


1 

CO 


So. com- 
mercial. 


i 

..J 


• 


S 


German 
Silver. 


rf 
h 


• g 


£ 


;? 


4 


Jahn* . . 


- 


- 


- 


— 


—.62 


- 


—3.61 


4-36 


a32 


—.41 


-58 


Le Rouxt . 


13.02 


4.8 


I9.I 


25.8 


0.46 


2.47 


2-5 


- 


- 


- 


•39 




Zn+i3i parts BL 



TABLB 303.-Fslll«r BliMt, FMoullBlU* Hl-Ov. O-MO^ a 



Temperature. 


oP 


abo 


tyfi 


a^o 


3«o 


560O 


1 
1 


Fe-Constantan . . . 


3.1 


3.6 


45 


6.2 


8.2 


12.5 


' in Gram. Cal.;x-io« 
I per coulomb. 


Ni-Cu 


1.92 


2.15 


2-45 


2.06 


I.9I 


2.38 
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MeUl 
against 
Copper. 


i 


i 


t 


.^ 


^ 


• 

a 
< 


t 


& 


4 


tf 


t 


t 


lA 


Le Rous 


-5.64 


—a.93 


—.53 


—.45 


- 


- 


- 


- 


- 


- 


. - 


- 


-f-ta.3 


Jahn . . . 


- 


— J.68 


—•7a 


—.68 


-.48 


- 


- 


- 


- 


+.37 


- 


+5.07 


- 


Edlund . . 


- 


—a.96 


— .x6 


— .01 


+•03 


+.33 


+.SO 


+.56 


+.70 


-f-ljOt 


+».«7 


- 


+»7-7 


Caswell . . 


- 


- 


- 


- 


+.03 


- 


- 


- 


+.70 


+ «5 


- 


+6.0 


-fi6.i 



Le Rous, 1867; Jahn, 1888; SdluDd, 1870-71 ; Caswell, Phji. Rev. 33, p. 3>'> >9si. 
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Table 306. 
VARIOUS DETERMINATIONS OF THE OHM. 



Date. 



1882 
1882 

1883 

1884 

1884 

1884 

1884 

1884 
1885 
1886 

1888 

1889 
1889 
1890 

1890 

1892 

1894 
1897 

1899 
1912 

1914 



Observer. 



Rayleigh 
Glazebrook 

Rayleigh, Sidgwick 

Rowland, Kimball 

Mascart, de Nervtlle, Benoit 

Roiti 

Wild 



Wiedemann 

Lorenz 

Himstedt 

F. Kohlrausch 

Dom 

Duncan, Wilkes, Hatchinson 

Wuilleumier 

V. Jones 
Himstedt 

V. Jones 

Ayrton, Jones 

Guillet 

A. Campbell 

F. E. Smith 



Method. 



Rotating coil 
Induced currents 

Lorenz 

Lorenz 

Induced currents 

Induced currents 

Damping of magnet 



Earth inductor 
Lorenz 
Induced currents 

Damping of magnet 

Damping of magnet 

Lorenz 

Induced currents 

Lorenz 
Induced currents 

Lorenz 

Lorenz 

Induced currents 
Alternate currents 

Modified Lorenz 



Value of 

Ohm in 

cm. of 

mercury 

ato«>C. 



106.26* 
106.25* 

106.24* 

106.32 

106.30 

105.90 

106.03 

106.26 ^ 

106. 1 

106.34 

106.24 
106.34 
106.27 

106.31 
106.26 

106.33* 

106.27* 

106.21 
106.27* 

106.245* 



Referexice. 



Phil. Trans., 173, iS 
Phil. Trans., 174, i 

1883. 
Phil. Trans., 174, i 

1883. 
Lumidre Elect. 26, i 

189, 477. 1887- 
Ann. Ch. e. Phys. 6, 

1885. 
Nuovo Cimento, 3, 1 

1884. 
Mem. Acad, des Sc. S 

Petersburg, 32, {3 

1884. 
Abh. BerL Ak. [884. 
Wied. Ann. 25, i, 188 
Bcr. d. Naturf. Gc 

Freiburg i. B. 1, i8» 
Abh. bayr. Ak. Wis. i< 

1888. 
Wied. Ann. 36, 1889. 
Phil. Mag. p. 98. 1889. 
J. de Phys. 1 1 (9), 220 

1890. 
Electrician, p. 552, 189a 
Tr. Roy. Soc. Lond. 214, 

27, '14. 
B. A. Elec. St'ds. R'p't 

^ '93» '94- 

B. A. Elec St'ds. R'p'L 

1897. 
J. de Phys. 8, 471, 1899., 
Pr. Roy. Soc. Sy, 39h 

191 2. 
Tr. Roy. Soc. Lond. 214, 

27. '14. 



INTERNATIONAL OHM: The international ohm is defined as the resistance of a 
column of mercury of uniform cross-sectional area at O^ C, 14.4521 grams in mass, and of 
a length of 106.300 cm. 

The results given in the table assume a similar mercury column. Precise mercury stand- 
ards are maintained at the national standardizing laboratories of England, France, Ger- 
many, Japan, Russia and the United States. The values of the resistance units deter- 
mined by these standards agree within 3 parts in 100,000. 

The most reliable determination of the absolute ohm is that of Smith in 1914. Accord- 
ing to his result, the absolute ohm is 5 parts in 10,000 smaller than the international ohm. 



1 



* Results known to be in tenns of the mercury resistance standards at pvesent in nae. 
values given are those calculated from the author's data by Smith, in the last referenoe. 
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'.^computing resistance in ohms per meter from resistivity, p, in michroms per cm. cube (see 

» y>7t etc.). ^. jf. to compute for No. 23 copper wire when p= 1.724: i meter = 0.0387 4- 
-f- .0008 -\- .0002 = 0.0668 ohms ; for No. 1 1 lead wire when p = 20.4 ; i meter = 0.0479 4" 
•= 0.0489 ohms. The following relation allows computation for wires of other gage num> 

: resistance in ohms per meter of No. N = 2{n — 3) within i % : /• ^. resistance of meter of 

18 = 2 X No. 15. 




p in micro-ohms per cm. cube. 



1. 



2. 3. 4. 6. 6. 7. & 9. 



10. 



Resistance of wire i meter Ions in ohms. 



•a»93S 


■0,187 


.0,280 


•0,373 


J0m466 


.0,560 


.0,653 


.0,746 


.OS1840 


.0,148 


.0*297 


.0,445 


.0,593 


•0,74a 


.0,890 


.0,104 


.0,119 


.0,133 


^^236 


.0,47a 


.0,707 


.0,943 


.0,118 


.0,141 


.0,165 


.0,189 


.0,213 


.o»375 


.0,750 


.0,113 


.0,150 


•0,187 


.0,225 
.0,358 


.0,263 


.0,300 


•0,337 


.o»596 


.0,119 


.0,179 


.0,239 


.0,398 


•0,417 


.OH77 


.0,537 
•0^53 


.0,948 


.0,190 


.0,284 


.0,379 


.0,474 


.0,569 


.0,664 


.0,758 


.0,151 


.0,301 


.0,45a 


.0,603 


•0,754 


.0^04 


.0106 


X>13l 


.0136 


.0,240 


•0,479 


.0,719 


•0,959 


.0130 


.0144 


.0168 


JOI93 


.0316 


.0,381 


.0,762 


.0114 


.0152 


.0191 


.0229 


.0367 


.0305 


•0343 


.0,606 


.0121 


.0182 


.0342 


.0303 


.0364 


.0434 


.0485 


.0545 


.0,963 


.0193 


.0289 


.0385 


.0483 


.0578 


.0674 


.0771 


.0867 


.0153 


.0306 


.0460 


.0613 


.0766 


.0919 


.1073 


.1336 


•1379 


.0344 


.0487 


.0731 


.0974 


.I3l8 


.1463 


.1705 


.1949 
.3098 


.3193 


.0387 


.0775 


.1163 


•iS49 


.1936 


.3334 


.3711 


.3486 


.0616 


.1233 


.1847 


•a463 


.3079 


.3695 


.4310 


.4936 


.-^5 


•0979 


■»959 


.2938 


.3918 


-♦897 


.5877 


.6856 


.7835 


•»557 


.3«»4 


.4671 


.6228 


.7786 


.9343 


1.090 . 


1.346 


1.401 


.2476 


495* 


.7428 


.9904 


1.338 


1.486 


1.733 


1.981 


3.338 


.3937 


.7874 


1. 181 


«S75 


1.968 


3.363 


3.756 


3.150 


3-543 


.626s 


1.252 


1.879 


2.505 


3.«3t 


3.757 


4.383 


5.009 


5.636 


.9950 


1.990 


3.981 
4.748 


3.980 


4.975 


5.970 


6.965 


7.960 


8.955 


>.583 


3.166 


6.33* 


7914 


9-497 


11.08 


t3.66 


14-35 


1.996 


3.99« 


5.988 


7984 


9.980 


11.98 


1397 


15.97 


17.96 



•(^33 
.0,148 

.0,236 

•0,375 
.0,596 

.0,948 

.0151 

.0340 

.0381 

.0606 

.0963 
.153a 
•3436 

.3873 
.6158 

•9794 
1.557 
3.476 

3 937 
6j6a 

9^950 

15.83 
19.96 
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Tabu 807. 
RESISTIVITY OF METALS. 

The resistance is here given as the resistivity in microhms per cm. cube. 



Subsuaoe. 


Sate. 


Tenporature, <>C. 


RMtotiyity 


Autbority. 


Aluminum . . . 


c. p. 


-.89. 


a64 


Niccolai, 1907. 


M 
tt 


M 


— loa 
a 


2.62 


M H 
U M 




U 
tt 


+ 100. 
40a 


^ 


M M 


M 




2a 


2.828 


Seep. 284. 
Eucken, Gelhoff. 


Antimony . • . 




—19a 


10.5 
38.6 


« 




a 


Mean. 


u 


liquid 


+86a 


120. 


de la Rive. 


Arsenic .... 




a 


35- 


Matthiessen. 


Bismuth . . . 




18. 


1 19.0 


Jiiger, Diesselhorst 


M 




100. 


160.2 


« M 


Cadmium . . . 


drawn 


— i6a 


2.72 


Lees, 1908. 

Jager, Diesselhorst 

M « 




•« 

M 


18. 
100. 


^ 


•* 


liquid 


318. 


34.1 


Mean. 


Caesium. • . • 




—187. 


5-25 


Gunt2, Broniewski. 


c« 




0. 


19- 


Mean. 


Calcium . . . 


99.5 pure 


sa 


•2:1. 


Moissan, Chavanne 


Chromium . . . 




a 


Shukow. 


Cobalt .... 


99.8 pure 


20. 


97 


Reichardt, 1901. 


Copper .... 


annealed 


2a 


1.724 


Seep. 284. 


M 


hard-drawn 


2a 


1.77 


M 41 


U 


electrolytic 


—206. 


.144 


Dewar, Fleming, 


« 


«< 


+205. 


2.92 


Dickson. 


4t 


pure 


40a 


4.10 


Niccolai, 1907. 


Gallium .... 




a 


53- 


Guntz, Broniewski. 


Gold 


99.9 pure 


-183. 


0.68 


D, F, D, i8c^. 


u 




0. 


2.22 


Mean. 


H 


pure, drawn 


18. 


2.42 


J, D, 1900. 
D, F, D, 1898. 
Erhardt, i88r. 


M 


99.9 pure 


«94S 


3-77 

8.37 


Indium . . . ■ 




0. 


Iridium .... 




—186. 


1.92 


Broniewski, Hack- 


u 




0. 


6.10 


spill, X911. 


u 




+100. 


As* 


•i « 


Iron 


pure, soft 


— 20C3 
—78. 
a 


D, F, D, 1898. 


(C 
M 


M M 
M tt 


m 


M M U *1 
U « M <C 


m 


M M 


+98.5 


17.8^ 


M M II M 


u 


« « 


196.1 


21.5 


« M tt M 


M 

^■•^ceei ... 


a 

cast 


40a 
ord. 


43-3 
19.1 


Niccolai, 1007. 
Kohlrausch. 


a 


« 


yel. ht 


104. 


M 


u 


u 


wh. ht. 


114. 


U 


M 


piano-wire 


0. 


11.8 


Strouhal, Barua,'83. 


u 


temp, glass, hard 


0. 


45-7 


I< M *t 


« 


" " yellow 


a 


27- 


If M U 


M 


" " blue 


0. 


20.5 


U MM 


M 


•* •• soft 


0. 


6.02 


M MM 


Lead .... 


cold-pressed 


—183. 
— 78. 


D, F, D, 1898. 


<i 


rt M 


14. 1 


M *C M M 


u 


M U 


0. 


20.4 


M M M tt 


m 


M M 


90.4 


28.0 


M «< tt M 


M 


« M 


196. 1 


36-9 


M M tt U 


« 




318. 


94- 


Vincentini, OmodeL 


Lithium. . • • 


solid 


—187. 


1.34 


Guntz, Broniewski. 
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TaBLE 807 (BMtfBwA jyj 

RESISTIVITY OF METALS. 

!■ hera given u the ruittiTilj b mictobou per cm. cube. 



2«6 tablu 307, aoa. 

RESISTIVITY OF METALS. 

TABLB 307 {nmtbuUiH. 
The resistance is here given as the rcsistivitj in microhms per cm. cube. 



Sub>UM». 


Sutc. 




Rnirilntr 


Autboritf. 


Ttllu'rium 
ThaNium 

TiOniuni 
Tin . 










PuK 

Pup 

IWF. 

Liqtdd 


-11 

-1 


.+6 

"XT 

IJ'JSO 


Pinni. 

D™u, FluniogflHd™, >l^ 



TABLB 308.— Ttnpcnlnn BmIiImm Oarfttolnti. 
If Rois the resistance >t the teiiiperature(»and Rial the icmpcraluie t, then Ri may o' 
ranges of temperature be approximately represented by the formula Ki ^ Rs ( I + at). 



AnTWVOHMH T«BLC«. 



• Utmirj, K sR<(i-|-.an8gl+aBasQit<}. 
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CONDUCTIVITY OF THREE-METAL AND MISCELLANEOUS ALLOYS. 



CoDductivity in mhos or -^ r- —C^C^ (i— oZ-W^). 

ohnu per cm. cube "^ * 



Metals and all<qrs> 



Gold-copper-silver 
ft i< « 



Nickel-copper-zinc 

Brass .... 
*' hard drawn 
" annealed . 

German silver 

M M 



Aluminum bronze 
Phosphor bronze 
Silicium bronze . 
Manganese-copper 
Nickel-manganese-copper 



Nickelin 



Patent nickel 



Rheotan 



Copper-manganese-iron 

M tt M 



Manganin . 
Constantan 



Composition by weight. 



3 Au + 26.5 Cu + 15.2 Ag 
5 Au + 15.4 Cu -f I5.I Ag 
7.4 Au + 78.3 Cu -f 14.3 Ag 



( 12.84 Ni -f 30.59 Cu + 
( 6.57 Zn by volume . . 

Various 

70.2 Cu -f 29.8 Zn . . . 



.! 



Various 

6ai6Cu-|- 25.37 Zn 4* 
14.03 Ni-f .30 Fe with trace 
o£ cobalt and manganese . 



30 Mn -f 70 Co 



3 Ni + 24 Mn + 73 Cu . , 

i8.46Ni-f 61.63CU + 
19.67 Zn -\- 0.24 Fe -f 
0.19 Co -|- 0.18 Mn . • . 
i 25.1 Ni + 74-4^ Cu + 
< 0.42 Fe -f- 0.23 Zn -f 
( ai3 Mn -f trace of cobalt 



53.28 Cu + 25.71 Ni-f 
ig.89Zn-f 4.46Fe-f 



1 



0.37 Mn 



91 Cu -f 7.1 Mn -f 1.9 Fe . 

70.6 Cu 4" 23.2 Mn -|- 6.2 Fe 

69.7 Cu + 29.9 Ni + 0'3 Fe 

84Cu4-i2Mn-f 4Ni. . 
6oCu4-4oNi 



10« 



6.83 
28.06 



4.92 

12.2-IC.6 
12.16 

1435 
3-S 
3-33 

7-5-«S 
10-20 

41 
1.00 

2.X0 
3.01 
2.92 

1.90 

4.98 
1.30 

2.00 

2-3 
2.04 



a X 10* 



574 
529 

i«30 

444 

1-2 X i6» 



360 



S-7 Xioa 



40 
—30 

300 
190 

410 



120 

22 

120 



6 
8 



3Xia» 



1 Matthiessen. 
* Various. 



• W. Siemens. * Van der Ven. 

* Feussner and Lindeck. * Blood. 



6 

7 



924 
7280 



51 



< 



2 

3 
3 

2 
4 

2 
2 

5 
4 
4 

4 

4 



6 
6 

7 

2 
7 



Feussner. 

J aeger-Diesselhorst 
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Table 310. 
CONDUCTING POWER OF ALLOYS. 



Thi» table showt the oondocting power of alloys and the variation of the conducting po<«rer nith tempentnre.* The 
values of C« were obtained from the original results by assuming silver = — -»- mhos. The ooodoctivity is taken 

as C|= C, (i— ti< \"6fl)t and the range of temperaiure was from o^ to loo^ C. 

The table is amnged in three groups to show(i) that certain metals when melted together produce a solatkm 
which has a conductivity equal to the mean of the conductivides of the components, (a) the behavior of tboee 
metals alloyed with others, and (3) the behavior of the other metals alloyed together. 

It is pointed out that, with a few exceptions, the percentage variation between o^ and 100° can be calculated from die 

formula /' = /'« ^, where / is the observed and ^ the calculated conducting power of the mixture at 100^ C, 
and Pg is the calculated mean variation of the metals mixed. 



Alloys. 



Weight % 



Volume % 



of first Dallied. 



io« 



«Xic^ 



^Xio^ 



Variation per looP C 



Observed. 



Calculated. 



Gaoor i. 



SnePb 

Sn4Cd 

SnZn 

PbSn 

ZnCda 

SnCcU 

CdPbe 



7704 
82.41 

78.06 

6413 
24.76 

23-05 
7-37 



83.96 
83.10 

7771 
53-41 
20.06 

23'50 
10.57 



757 
9.18 

10.56 

6.40 

16.16 

13-6; 



■^ 



3890 

4080 

3880 

3780 
3780 

3850 

3S<» 



8670 


32-i^ 


1 1870 


28.89 


8720 


30.12 


8420 


29.41 


8000 


29.86 


9410 


29.08 


7270 


2774 



29.67 
30-03 

30.16 
29.10 
29.67 

30.25 

27.60 



Gboup a. 



Lead-«!lver (PbsoAg) 
Lead-silver ^PbAg) 
Lead-silver (PbAgs) 



Tin-gold (SnisAu) . 
(Sn»Au) . 



M U 



Tin-copper . . . 

T • • • 

t. . . 

t. . . 

t. . . 

t. . . 

t. . . 



« 

M 
U 
U 
« 
« 



tt 
« 
« 
« 
M 



Tin-silver 
(I « 



Zino<opper t 
14 44 i 

44 tt 4> 

44 « i 

a 44 4 






95.05 

48.97 
3244 

77.94 

59-54 

g2.24 
0.58 

12.49 
10.30 

9.67 
4.96 

I.I5 



91.3' 

W.8 



53 



o 
5 



36.70 
25.00 

8!89 
4.06 



94.64 
46.90 
30.64 

90.32 
79-54 

14.91 

12.35 

1 1. 61 

6.02 

1. 41 

96.52 
75-5* 

42.06 

2945 
23.61 

10.88 
503 



5.60 

8.03 

13-80 

5.20 
303 



I: 



'59 
•05 

6.41 

7.64 

12.44 
39-41 

7.81 
8.65 

1375 
13-70 

13-44 
29.61 

38.09 



3630 
i960 
1990 

3080 
2920 

3680 
3330 

[7 



691 

995 
2670 

3820 
3770 

»370 
1270 
1880 
2040 
2470 



7960 
3100 
2600 

6640 
6300 

8130 

6840 

204 

1 185 

304 

705 

5070 

8190 
8550 

1340 
1240 
1800 

3030 
4100 



28.24 
16.53 
17 '3^ 

24.20 
22.90 

28.71 

26.24 

5.18 

tt> 

9.25 
21.74 

30.00 
29.18 

12.40 
11.49 
12.80 
17.41 
2a6i 



19.96 

773 
10.42 

14.83 
5-95 

19.76 

14-57 

3-9? 

446 

5.22 

7.83 
20.53 

23.31 
11.89 

11.29 
laoS 
12.30 
17.42 
20.62 



NoTB. ~ Bams, in the '^ Am. Jour, of Sci.'* vol. 36, has pmnted out that the temperature variation of platinum 

aUoya containing less than 10% of the other metal can be nearly expressed by an equation^ ^ -p-— m, where jf is the 

temperature coefficient and x the specific resistance, m and n being constants. If a be the temperature coefficient al 
o^ C. and / the corresponding speofic resistance, t(m.-j-m)=:H. 

For platinum alloys Barus*s experiments gave m =— .000194 and m = .c^yS. 
For steel m = —.000303 and n = .o6ao. 

ICatthic8sen*s experiments reduced by Bams gave for 

Gold allovs fM = -> .0000451 H = .00721. 
Silver «w = — .0001 is, » = . 00538. 

Copper *' iM = — .000386, H =: .00055. 

* From the experimenU of Matthiessen and Vogt, " PhiL Trans. R. S." v. 154. 
t Hard-drawn. 
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GROur 3. 



AUoys. 



oold-copper t 

HI** 

Gold^Uver t • 
t . 



a 

M 
tt 



tt 
M 

m 
u 

M 



t. 



Gdd-copper t 



« 



Platinnm-silver t 

M «4 i 

M " t 

PSiOadiQin-^ilver t 



Copper-filver 



« 
« 



M 
M 
U 
M 



Iroihgold t 
« « I 



Iron-copper t • • 
PboBphoruft-coTO>er t 

Axsenic-copper t 

u " t . 



Weight % 



Volame% 



ol first named. 



99-23 
90.5s 

87.95 

64'io 
64.80 

3' -33 
31-33 

3483 
1.52 

33.33 
5.00 

25.00 

98.08 

9440 
76.74 

42.75 
7.14 

1.31 

1359 
9^ 

4.76 

0.40 

2.50 
0.95 

5.40 

2.80 

trace 



81.66 

79.86 
79.86 
52.08 
52.0S 
19.86 
19.86 

19.17 
a7i 

19.65 
5.05 
2.51 

23.28 

98.35 
9517 
7764 
46.67 

8.25 
'•53 

27-93 
21.18 

10.96 
046 



£• 



35.42 
10.16 

1346 
13.61 

9.48 

13.^ 
13.73 

12.94 
53-02 

4.22 
11.38 
19.96 

5-38 

56.49 

51.93 
44.06 

47.29 

50.65 

50-30 

1.26 
1.46 

24.51 

4.62 
14.91 

3-97 
8.12 

38.52 



aX 10^ 



2650 

749 

1090 
1 140 

673 

721 

864 
3320 

330 

774 
1240 

324 

3450 
3250 
3030 
2870 

2750 
4120 

3490 
2970 

487 
1550 

476 
1320 

2640 



3X io» 



4650 



f. 



793 
1160 

246 
495 

^\ 

570 
7300 

208 

656 

1 150 

154 

7990 
6940 
6070 
5280 
4360 
8740 

7010 

1220 

103 

2090 

1640 

989 

446 

4830 



Variation per ioo<' C 



Obeenred. 



21.87 
7.41 

10.09 
10.21 
649 
6.71 
8.23 
8.44 

8.07 
25.90 

3.10 

7.08 

11.29 

340 

26.50 

25.57 
24.29 

22.75 

23.17 
26.51 

27.92 

17-55 
3-84 

13-44 



Calculated. 



23.22 
7-53 

9.65 

95 

6.5 

642 

8.62 

8.31 

8.18 
25.86 

3.21 

7-25 
11.88 

4.21 

27-30 
2541 
21.92 
24.00 

2557 
29.77 

14.70 
11.20 
1340 

14.03 



* Annealed. 



t Hard-drawn. 



TABU 311.— AUowaUt OAxrylBC OapaoltT «f R«kbtr-o«T«r»a Oonn Wlxw. 

(For inside wiring — Nat. Board Fire Underwriters* Rules.) 



B + SGage 


iS 
3 


16 
6 


«4 
12 


la 

17 


10 
24 


8 

33 


6 
46 


5 

54 


4 
6s 


3 

76 


a 
90 


1 
107 



127 


00 
150 






Amperes 


210 




SOO/xx> drc mills, 390 amp.; 1,000,000 c. m., 650 amp.; 2,000,000 c. m., 1,050 amp. For 
miulated al. wire, capacity =84% of cu. Preece gives as formula for fusion of bare wires 
I^adi, where dsadiam. in inches, a for cu. is 10,244 ; ^U 7585 ; pt., 5172; German silver, 
5230; platinoid, 4750 ; Fe,3i48; Pb., 1379; alloy 2 pts. Pb., 1 of Sn., 1318. 


k 
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Table 312 {conHtmtd^, 
RESISTIVITIES AT HIQH AND LOW TEMPERATURES. 

(OkBa p« m. oiilM udAM itattd otlurwlM.) 
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Platinum. 


Lead. 


Bismuth. 


Cadniiuin. 


OC 


^X 


Po 


OQ 


Pt 


.Po 


oc. 


Pt 


Pt 

Po 


OC. 


Pt 


Po 


^5. 


O.IO 


.009a 


-a5a.9 


0.59 


.0298 


-aoo. 


34.8 


.314 


-252.9 


0.17 


.0218 


-aSJ. 


•«S 


.014 


-ap3. 


4.42 


.223 


-150. 


55-3 


•499 


-200. 


1.66 


.ai4 


-aas- 


4.18 


.049 


-X93.8 


5.2a 


.264 


-100. 


75.6 


.683 


-190.2 


2.00 


.258 


-153. 


.378 


-103. 


1 1.8 


.598 


- 50. 


94-3 


.852 


-183. 1 


2.22 


.a86 


- 73. 


7.8> 


.708 


-75.8 


'3-95 


.705 


0. 


1 10.7 


I.OO 


-139.2 


3.60 


.464 


0. 


11.05 


t.oo 


- 53. 


*S'2 


•79a 


»7- 


120.0 


I.0S3 


-100. 


4.80 


.619 


100. 


14.1 


i.aS 


a 


19.8 


1.00 


100. 


156.5 


«-4«3 


0. 


7-75 


x.oo 


lOO. 


17.9 


1.69 


xoo. 


27-8 


1.403 


toa 


214.5 


>-937 


300. 


16.50 


a.i3 


f*- 


25.4 


a.30 


aoo. 


38A 


1.919 


359. 


267.0 


2.41 1 


325. 


S3'l*> 


4J5 


800. 


40.3 


3.65 


319. 


50.0 


^l 


a63. 


137-5 


I. ISO 


350. 


S3'bo 


4-33 


tooo. 


47.0 


4*5 


333- 


«.o 


300. 


ia8.g 


1.164 


400. 


3370 


4-35 


ISOO. 


52' 


4-77 


400. 


9SJ 


¥.96 


500. 


tj(f.9 


1.26J 


500. 


35.12 


% 


1400. 


58.0 


s-as 


600. 


107.2 


S'4{ 


700. 


1SO.8 


zjti 


700. 


i5'7S 


1600. 


63.0 


5.70 


800. 


iib.2 


J.86 


750- 


W^5 


1.38b 










Tin. 




Cai 


rbon, Grap 


hite.* 


Fused silica. 


Alundum cement. 


«c. 


Px 


Po 


OC 


p in ohmi 


, cm. cube. 


OC. 


1 

p = megohms cm. 


OC. 


p in ohms 
cm. cube. 


-aoo. 


a.6o 


.199 
.580 




Carbon 


Graphite 


'5- 


>200y000,000. 


20. 


>9X»o» 


-IOC 


7.57 


0. 


0.0035 


0.000S0 


aso. 


20,000,000 


1. 


800. 


30800. 


0. 


13.05 


1. 00 


500. 


.0027 


.00083 


300. 




200,000 


). 


900. 


13600. 


300. 


ro.30 


>-55 


1000. 


.0021 


. .00087 


3SO. 




30,000. 


1000. 


7600. 


aaS. 


32.00 


169 


2500. 


.0015 


.00090 


450- 




800. 


I too. 


6500. 


335* 


^.60 


J.65 


aooo. 


.0011 


.00100 


700. 




30 


• 


1200. 


2300. 


7SO- 


6/.^^ 


¥.69 


2500. 




.0011 


850. 




about 20 


1. 


1600. 


190. 



Pt. Unr, Nemst, 1. c high, Pirrani. Ber. Deutsch. Phys. Ges. 12, p. 305, Pb. low, Schimank, Nemst, 1. c. high. 
Northrup, see Zn. Bi. low, means, high, Northrup, see Zn. Cd. low, Euchen, Gehlhoff, Verb. Deutsch. Phys. Ges. 14, 
a ite, 191a, high, Northrup, see Zn. Sn. low, Dewar, Fleming, high. Northrup, see Zn. Carbon, graphite, Metallurg. 
Ol £ng. 13, p. 23, 1915. Silica, Campbell, Nat. Phys. Lab. 11, p. 207, 1914. Alundum, Metallurg. Ch. Eng. 12, p. 
ISC, 1914. 

• Diamond 1030° C, p >io» ; 1380^, 7.5 X >o*i ▼• Wartenberg, 191s. 

TABLB 312 a. Voliilii« ud SulMO RMlsttTtty of 8(dld DlolMtiloi. 

The resistance between two conductors insulated by a solid dielectric depends both upon the surface resistance and 
the Tolume resistance of the insulator. The volume resistivity, p, is the resistance between two opposite faces of a cen- 
dineter cube. The surface resistivity, v, is the resistance between two opposite edges of a centimeter square of the 
sar6«e. The surface resistivity usually varies through a wide ranee with the humidity. (Curtis, Bui. Bur. Standards, 
II, 359, 1915, which see for discussion and data for many additional materials.) 



MateriaL 



Amber ....... 

Beeswax, yellow .... 

Celluloid 

Fiber, red 

Glass, plate 

*' Kavalier .... 
Hard rubber, new . . . 

Ivory 

Khotinsky cement . . . 
Marble, Italian .... 
Mica, colorless .... 
Paraffin (parowax) . . . 
Porcelain, unglazed . . . 

Quartz, fused 

Rosin 

Sealing wax 

SheUac 

Slate 

Sulphur 

Wood, parafined mahogany 



9 ; megohms 
50% humidity. 



6X 108 
6X 10* 



S 

2 

5 
4 
3 
5 
7 

3 

2 

9 
6 

\ 

2 
6 

9 
7 



X 
X 
X 
X 
X 
X 
X 
X 



4X 



10* 
10* 
10* 

108 

I0» 

108 
108 
108 

X 10^ 
X io» 
108 

168 

108 

I07 
10 
IO» 
ICJ8 



X 
X 
X 
X 
X 
X 
X 



v\ megohms 
70% humidity. 



2X 

6X 

2X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 



I 

4 
I 

I 

3 

2 

4 
7 

7 

2 



3 
3 

4 



SX 



loP 

108 

10* 

108 

10 

108 

108 

I0» 

108 

IO« 

10* 
168 
108 
108 
108 

loP 
168 
10 

108 



<r; megohms 
90% humidity. 



I 

5 

a 

2 
2 
I 

2 

3 

5 

2 

8 
6 

5 
2 

2 

9 

7 
I 

I 

7 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



08 
08 
08 
©a 

o 

08 
08 

o 

0» 

o 
08 
o» 
o 

0» 

08 

oT 

08 

o 

08 
08 



Megohms^ms. 



5 X lO^o 
2 X I08 
2X lO* 

SX 108 

2 X lO^ 

8X io» 



I 

2 
2 
I 
2 
I 

3 
5 

I 

I 
I 
I 

4 



10" 
108 
loP 
X 108 
Xio" 
loio 
108 
Xioia 

X lo^^ 
io» 
loio 
168 

X lo" 

X lOT 



X 
X 
X 



X 
X 



X 
X 
X 
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TABUS 813.— VaxlAtln il BlMtrlotl RMlitiBM §1 Obun nA PwNlalB witk TaiowMm. 

The following table gives the values of «, ^, and c in the equation 

log ^ = tf + AT + f/», 

where R la the specific resistance expressed in ohms, that is, the redatanoe in ohms pa* oentiiBeter of a rod ooi 
square centimeter in cross section.* 



No. 

I 
2 

3 

4 

5 
6 

7 
8 

9 

lO 


Kind of glass. 


Density. 


m 


b 


e 


Rameof 
CeutJgradBi 


Test-tube glass • . • . 

u u u 

Bohemian glass .... 
Lune glass (Japanese maniifacture) . 

Soda-lime glass (French flask) 
Potash-soda lime glass . • 
Arsenic enamel flint glass 
Flint glass (Thomson's electrometer 

iar^ ...... 


2.458 

2.43 

2.55 

2499 

2-533 
2.58 

3-07 

7.172 


13-86 
14.24 
l6w21 

I3.>4 
14.002 

14.58 
16.34 
18.17 

18.021 
1S65 


—.044 
—.055 

—^043 
—.031 
—.025 

—.049 

—0425 
—.055 

—.036 
— .042 


.coo€6s 
.ooot 

.0000394 

— <00002I 

— ^.00006 

.000075 

xxxx>364 
.000088 

—.0000001 


0^250® 

37-»3« 
60-174 
io-«5 

35-95 
4S-I20 

66-193 
'05-135 

100-200 
68-290 


J**/ ...... 

Porcelain (white evaporating dish) . 


J'*/* 


.00005 


Composition op somb op thb abov« SpBcuum op Glass. 


Number of specimen = 


a 


4 


6 


T 


t 


• 


SUica 

Potash 

Soda 

Lead oxide .... 

Lime 

Magnesia .... 
Arsenic oxide 
Alumina, iron oxide, etc. 


61.3 
22.9 

Lime, etc 

by diff. 

15.8 


57.2 
21. 1 

Lime, eta 
by diff. 

16.7 


70.05 
144 

14.32 
2.70 

10.33 

M5 


75.65 
7.92 
6.92 

8.48 
a36 

0.70 


54.2 
10.S 

23.9 

<^3 
a2 

3.5 
04 


55.18 
13.28 

'. 31.01 

0.35 
ao6 

a67 



• T. Gray, ** PhiL Mag." i88e, and ** Proc. Roy. Soc.** 188s. 
TABLE 314. — Ttmpentsrs RMtstanot Oosltlolaiti of OUss, PonslilB taA Quzti ii/tt. 



Temi)erature. 


450^ 


500® 


575** 


600O 


7000 


750P 


800P 


1 


MOOP 


Glass . . . 
Porcelain . . 
Quartz. . . 


—32. 


—6. 


— 16. 


—.8 
-9.8 


—0.17 
—2.8 


— ai 
—1.6 
—10. 


—0.06 

-.70 

—6.40 


— 2& 


— ai2 

— 1.00 



Somerville, Physical Review, 31, p. t6i, 1910* 



ButTHtaMiAM Tablem, 



TAM.K 316. 
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TABULAR COMPARISON OP WIRf QAQE8. 



No. 


• 

American 

(B.&s!) 

Mils.t 


American 

WtreGace 

(B.&SO 

nuD.t 


Steel WiT« 

Gage* 

MiW. 


Steel Wire 
Gage* 


Stubs' Steel 

Wire Gage 

MUs. 


(Britbh) 

Standard 

Wire Gage 

Mils. 


Birmingham 

Wire Gage 

(Stubs') 

Mils. 


Gage 

No. 




1-0 






490.0 
461.5 


X2.4 




500. 




7-0 




fr^ 






11.7 




464. 




6-0 




S-o 






430.5 
393.8 


X0.9 




43a. 




S-o 




r« 


460. 


XI.7 


XOX> 




400. 


454. 


4-0 




»-o 


410. 


10.4 


362.5 


s 




37a. 


4as. 


3-0 




t-o 


365. 


n 


331. 




348. 


380. 


2-0 




o 


3«S. 


306.5 




324. 


340. 







X 


*%• 


7.3 


383X> 


7.3 


337. 


300. 


300. 


X 




» 


asS. 


u 


a6a.5 


6.7 


3x9. 


276. 


284. 


3 




4 


a29. 


a43.7 


6.3 


3X3. 


353. 


a59. 


3 




4 


*04. 


S.a 


335.3 


S.7 


307. 


333. 


238. 


4 




i 


183. 


4.6 


307.0 


5.3 


304. 


3X2. 


220. 


5 




163. 


4.x 


192.0 


4.9 


30I. 


X92. 


203. 


6 




i 


lit 


3.7 
3.3 


I77.0 
163.0 


4-5 
4.x 


X99. 
X97. 


X76. 
x6o. 


x8o. 
X48. 


I 




9 


114. 


a.ox 


X48.3 


3.77 


X94. 


lU: 


9 




lo 


X02. 


«.S9 


135.0 


3.43 


ZOO. 


134. 


xo 




XI 


t\: 


a.30 


X30.5 


3.06 


1x6. 


X20. 


XI 




xa 


a.os 


105.5 


3.68 


185. 


X04. 


XO9. 


X3 




«3 
14 


St 


1.83 
X.63 


ox. 5 
80.0 


3.33 
3.03 


182. 
x8o. 


U: 


tl: 


X3 
14 




IS 


57. 


X.4S 


73.0 


X.83 


178. 


7a. 


72. 


IS 




x6 


SI. 


1.39 


63.5 


X.59 


175. 


'4 


%: 


x6 




3 


45. 


x.xs 


54.0 


x-37 


172. 


17 




^ 


i.oa 


475 


X.21 


z68. 


48. 


49. 


x8 




SO 


36. 


'il 


*^-2 


oil^ 


164. 


40. 


4a. 


X9 




ao 


32- 


34.8 


x6i. 


36. 


35. 


3o 




tx 


a«.S 


.73 


^H 


.8x 


157. 


3a. 


^2- 


3X 




ft 


25.3 
aa.6 


.63 


38.6 


.73 


iSS. 


28. 


28. 


33 




n 


.57 


35.8 


.66 


X53. 


24. 


'$• 


as 




H 


ao.x 


SX 


33.0 


.58 


X5X. 


22. 


22. 


a4 




as 


17.9 


.45 


30.4 


.53 


X48. 


20. 


20. 


as 




i6 


15.9 


.40 


x8.x 


.46 


X46. 


x8. 


x8. 


36 




*7 


i4.a 


.36 


X7.3 


-♦39 


X43. 


16.4 


x6. 


37 




aS 


xa.6 


.3a 


X6.3 


.4x1 


X39. 


X4.8 


14. 


28 




39 


XI.3 


.39 


X5.0 


.38X 


X34. 


X3.6 


X3. 


29 




30 


X0.0 


.as 


14.0 


.356 


127. 


XX.6 


X2. 


30 




51 


i9 


.337 


X3.a 


.335 


X20. 


xo. 


3X 




$» 


8.0 


.303 


13.8 


•3aS 


11$. 


X0.8 


l: 


Si 




33 


7-x 


.x8o 


XX.8 


.300 


XI2. 


xo.o 


33 




34 


ti 


.x6o 
.X43 


X0.4 
9-5 


.264 
.241 


XIO. 

X08. 


t.l 


7. 
5. 


34 
35 




S-o 


.X37 


?:? 


.229 


X06. 


7.6 


4. 


36 




37 


4.5 


.XI3 


.2x6 


X03. 


6.8 




37 




38 


4.0 


.xox 


8.0 


.203 


XOX. 


6.0 




38 




39 


3.5 


-^ 


75 


.xgx 


99. 


5.2 




39 




40 


3.x 


.080 


13 


'Hi 


97. 


4.8 




40 




41 






6.6 


.x68 


95. 


4-4 




4X 




4» 

43 






6.2 
6.0 


.157 
.152 


SI: 


4.0 
3.6 




4a 
43 




44 






5.8 


.147 


!*• 


^•2 




44 




% 






55 


.140 


8x. 


2.8 




45 








5.2 


.X32 


79. 


3.4 




46 




47 






5$ 


.X27 


77. 


3.0 




47 




4S 






4.8 


.X22 


75. 


X.6 




48 




49 






4.6 


.1X7 


72. 


X.3 




49 




SO 






4-4 


.XX2 


69. 


Z.O 




so 





*ne Stcd Wilt Gan is the samegue which has been known by the various names: ** Washburn and Moen," " Roeb- 
hfT "AmericBa Sted and Wire Co.'s." Its abbreviation should be written "Stl. W. G./' to distinguish it fiom 
"^W. G./' the oMial abbreviatiim for the (British) Standard Wire Ga^. 

t The iGnerican Wire Gage nxes have been rounded off to the usual limits of commercial accuracy. Thev are gfren 
lifsw Rgnificsint figures in Tables 319 and 322. They can be calculated with any desired accuracy, being based upon 
irinple nMubematical kiw. Tlie diameter of No. 0000 is defined a s 0.46 00 inch and of No. 36 as 0.0050 inch. The 



to the diameter of the next greater number 



.4600 

=: 1. 1339322. 

0050 



bom areolar Na 31. Copper Wire Tables, U.S. Bureau of Standards which contains more oomplett 
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Tables 316-322. 
WIRE TABLES. 

TABLE 316.— iBlrodnotioa. Kim and Vdlime RMlfttrlty of 0«pp«r aad 



The following wire tables are abridged from those prepared by the Bureau of Standards atj 
request and Mrith the cooperation of the Standards Committee of the American Institute of 
trical Engineers (Circular No. 31 of the Bureau of Standards). The standard of copper 
ance used is "The International Annealed Copper Standard "as adopted Sept. ^ I9i3>l7i 
International Electrotechnical Commission and represents the average commercial high. * 
tivity copper for the purpose of electric conductors. This standard corresponds to a cone' 
of 58. Xior^ cgs. units, and a density of 8.89, at 20® C. 

tn the various units of mass resistivity and volume resistivity this may be stated as 

0.15328 ohm (meter, gram) at 20^ C. 
875.20 ohms (mile, pound) at 20° C. 
1. 7241 microhm-cm. at 20** C. 
0.67879 microhm-inch at 20° C. 
10.371 ohms (mil, foot) at 20^ C. 

The temperature coefficient for this particular resistivity is ago =^ 0.0039^ or ao = 
The temperature coefficient of copper is proportional to the conductivity, so that where the 
ductivity is known the temperature coefficient may be calculated, and vice-versa. Thus the 
table shows the temperature coefficients of copper having various percentages of the standard 
ductivity. A consequence of this relation is that the change of resistwity per degree is coi 
independent of the sample of copper and independent of the temperature of reference. " 
sistivity-temperature constant, for volume resistivity and Centigrade degrees, is 0.00681 
cm., and for mass resistivity is 0.000597 ohm (meter, gram). 

The density of 8.S9 grams per cubic centimeter at 20® C., is equivalent to 0.321 17 pounds 
cubic inch. 

The values in the following tables are for annealed copper of standard resistivity. The 
the tables must apply the proper correction for copper of other resistivity. Hard-drawn 
may be taken as about 2.7 per cent higher resistivity than annealed copper. 

The following is a fair average of the chemical content of commercial nigh conductivity co] 

Copper 99.91% Sulphur 0.002% 

Silver 03 Iron 002 

Oxygen 052 Nickel Trace 

Arsenic 002 Lead ** 

Antimony 002 Zinc " 

The following values are consistent with the data above : 

Conductivity at o^ C, in c.g.s. electromagnetic units 62.969 X H 

Resistivity at o® C, in michroms-cms. i*5^i 

Density at 0° C 8.90 

Coefficient of linear expansion per degree C 0.000017 

" Constant mass ** temperature coefficient of resistance at o® C 0.00427 

The aluminum tables are based on a figure for the conductivity published by the U.S. Bui 
of Standards, which is the result of many thousands of determinations by the Aluminum Comj 
of America. A volume resistivity of 2.828 michrom-cm., and a density of 2.70 may be consi< 
to be good average values for commercial hard-drawn aluminum. These values give 

Mass resistivity, in ohms (meter, gram) at 20° C 0.0764 

" " •* (mUe, pound) at 20*' C 436. 

Mass per cent conductivity 2oo,y% 

Volume resistivity, in micnrom-cm. at 20® C 2.828 

** " in microhm-inch at 20° C i.i i 



^o% 



Volume per cent conductivity 6i.v/y0 

Density, in grams per cubic centimeter 2.70 

Density, in pounds per cubic inch 0.0975 

The average chemical content of commercial aluminum wire is 

Aluminum 99-57% 

Silicon a29 

Iron ai4 

Smithsonian Tanlcs. 



Tables 317, 318. 

COPPER WIRE TABLES. 
TABLE 317.— MipHMtnt OoiiBdMiU of OQVPtr for Dlfftrait liltlal 

tnd DliltrtBt OonAiiottTltlM. 
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(OMiUnd*) 



Ohms 

(meter, gnm) 

at 3aPC. 


Per cent 
conductivity. 


Oo 


«XS 


aso 


•as 


«30 


aso 


ax6x 34 
, .159 66 

1 

.X5803 
.XS7S3 

1 .156 40 
.15483 

a63 2S 

.151 76 


97.3% 

99% 
100% 

XOI% 


0.00403 
.00408 

.004x3 
.004x4 

.00417 

.004 33 

.00437 
.004 3X 


0.00380 
.00385 

.00389 
.00390 

.00393 
.00397 

.004 ox 

.00405 


0.003 73 
.00377 

.003 8x 
.00383 

.00385 
.00389 

.003 03 

.00397 


0.003 67 
.00370 

.00374 
.0037s 

.00378 
.00383 

.00385 
x»3 89 


0.00360 
.00364 

.00367 
.00368 

.OC3 7I 
.00374 

.00378 
.00383 


0.003 36 
.00339 

.0034a 
.00343 

.00345 
.00348 

.003 53 

.00355 



n 



NoTK. — The fundamental relation between resistance and temperature is the following: 

Rt=Rtx(x+a,Jt-g), 

when «t| ^ ^^ "temperature coefficient/' and ti is the *' initial temperature" or "temperature of reference. 

The values of a in the above table exhibit the fact that the temperattire coefficient of copper b proportional to tht 
conductivity. The table was calcxxlated by means of the following formula, which holds for any per cent conductivi^, n, 
within commercial ranges, and for centigrade temperatures. (» is considered to be txpnaatd decimally: e.g., H percent 
cood uct ivity = 99 per cent, n = 0.99.) 

-. r-5 . 



«(o.oo393) 



+ (/i— 20) 





TABLB 318.— Rodnolloii of OlMMrTAtUnui to Stmdaxd TomponnBO. 


(Oowtr.) 




Temper- 
atuxcC. 


Corrections to reduce Resistivity to 30° C. 


Factors to reduce Resistance to 3oP C. 


Temper- 
ature C. 


Ohm (meter, 
gram).- 


Microhm — 
cm. 


Ohm (mile, 
pound). 


Microhm — 
inch. 


For 96 per 
cent con- 
ductivity. 


For 98 per 
cent con- 
ductivity. 


For xoo per 
cent con- 
ductivity. 




S 

xo 


+0.011 04 
+ .00896 
+ .00597 


+0.X36X 

4- .I03X 

+ ■o68x 


+ 68.30 

+ 51.15 
+ \4.xo 


+0.053 58 
+ .040x8 
+ .03679 


x.o8x6 
X.0600 
1.039a 


1.0834 
X.0613 
X.040X 


X.0853 
X.0636 

X.0409 




5 

xo 


XX 
X3 

13 


+ .00537 
+ .00478 
+ .00418 


+ .06x3 
+ .0476 


t 3°-^ 
+ a7.38 

+ 33.87 


4* .034 XX 

+ .03x43 
+ .0x8 75 


1.035 a 
X.03XX 

X.037X 


1.0359 
X.0318 

X.0377 


X.0367 
1.0325 
X.0383 


XX 

X3 
13 


X4 


+ .003 58 
+ .00399 
+ .003 39 


+ .0408 
+ .0340 
+ .0373 


+ 30.46 

t '^? 
+ X3.64 


+ .0x607 
+ .0x340 
+ .0107a 


X.0333 

x.oi9a 
X.0153 


x.oa37 
X.OX96 
X.OX56 


X.0343 

X.0300 

X.0160 


14 


ll 

19 


+ .oox 79 
+ .001 19 
+ .00060 


-f- .0304 
+ .0136 
+ .0068 


+ XO.33 
+ 6.83 

+ 3.4X 


+ .00804 
+ .00536 
+ .00368 


X.OXIA 
X.0076 
X.0038 


X.0X17 
1.0078 
1.0039 


X.0XI9 

1.0079 
X.0039 


17 

x8 

19 

1 


90 

3X 
S3 



~~ .000 60 
— .oox 19 



— .0136 


= k 




— .00368 

- .00536 


X.0000 
0.9963 

.9935 


x.0000 

0.9963 

.9934 


x.0000 

0.996X 

.99aa 


30 

3X 
33 


93 

34 

SS 


- .oox 79 

- .00339 

- .O03 99 


— .0304 

— .0272 

— .0340 


- X0.33 

- X3.64 

- X7.05 


— .00804 

— .0x073 

— .0x340 


.9888 
.9851 
.9815 


.9886 
.9848 
.98XX 


.9883 
.9845 
.9807 


as 

a4 
»5 


96 


— .00358 

— .004 18 

— .00478 


- .0408 

- .0476 

- .0544 


— 9046 

- *3.87 

— a7.a8 


- .0x607 

- .01875 

- .03x43 


.9779 
.9743 
.9707 


.9774 
.9737 
.9701 


.9770 
.973a 
.9695 


36 

ll 


*9 

30 

35 


- .00537 

-•SIS 


' - .0681 

.X03X 


- 30.69 

- 34.XO 

- 51.X5 


— .03AXX 

— .030 79 

— .040x8 


.967 a 

.9636 

.9464 


.9665 
.9639 

.9454 


.9658 
.9633 

.9443 


39 
30 
35 


40 

45 
50 


- .01x94 

- .01493 

— .017 93 


— .X36X 

— .I7OX 

— .3043 


- 68.30 

- 85.35 
— X03.30 


- .05358 

- .06698 

- .08037 


.9398 

■ml 


.9385 
.9133 

.8964 


.9971 
.9105 
.8945 


40 
45 

SO 


65 


— .03090 

- .03389 

— .03687 


— .3383 

— .3733 

— .3063 


-X19.35 
— X36.40 

-153-45 


- .09376 

— .107 16 

— .X30 56 


■^ 

.8549 


.8813 
.8665 
.8533 


.8791 
.8643 

•8497 


6s 


70 


— .03986 

- .03385 


- .3403 

- .3743 


-X70.50 
-187.55 


- .X33 9S 

- .14734 


.838X 


.8385 
.835a 


^358 
.8333 


70 
75 
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Table 310. 
WIRE TABLE, STANDARD ANNEALED COPPER. 

AMtiloaAWli«Chift(B.*8.)- BBgUakltaltB. 



Enqlmi 



Gage 
No. 



OOOO 

000 

00 

o 
I 

2 

3 
4 
5 



7 
8 

9 
lo 

II 

12 

13 
14 

!l 

17 

i8 

>9 
ao 

21 
22 

23 

a4 



*9 

y> 

3> 
3« 

33 
34 
35 

36 

37 
38 

39 
40 



Diameter 
in Milt. 
at 200 C. 



460.0 
409.6 
364.8 

3249 

289-3 
257.6 

229.4 
204.3 
18 1.9 

162.0 

144.3 
128.5 

II4.4 
IOI.9 
90.74 

80.81 
71.96 
64.08 

57.07 
50.82 

45.26 

40.30 

35.89 
3196 

28.45 

2535 
22.57 

20.10 
17.90 

«5-94 

14.20 
12.64 
11.26 

10.03 
8.928 

7.950 

7.080 

6.305 
5.615 

5.000 

4453 
3905 

3531 
314s 



Crosa-Section at ao^ C. 



Circular Mila. 



211 600. 
167800. 
133 100. 

10550a 
83690. 
66370. 

5264a 
41740. 
33100. 

26250. 
20 820. 
16 510. 

13090. 

10380. 

8234. 

6530. 
5178. 
4107. 

3257. 
258J 
2048. 

1624. 
1288. 

1022. 

8 10. 1 

642.4 
509.5 

404.0 

320.4 
254.1 

20I.q 
159.8 
126.7 

100.5 

79.70 
63.21 

50.13 
39.75 
31-52 

25.00 
19.83 

15-72 

12.47 
9.888 



Square Incbea. 



0.1662 
.1318 
.1045 

.08289 

•06573 
.05213 

.04134 
.032 78 
.02600 

.02062 
.016 35 
.012 97 

.010 28 

.ooS 155 

.006467 

.005 129 
.004067 
.003 225 

.002 558 
.002028 

.001 609 

.001 276 
.001 012 
.0008023 

.000 636 3 
.0005046 
.0004002 

.000 317 3 
.000251 7 
.0001996 

.0001583 
.000 125 5 
.00009953 

.00007894 
.00006260 
.000 049 64 

.000 039 37 
.000 031 22 
.000 024 76 

.00001964 
.00001557 
.00001235 

.000009793 
.000007766 



Ohma per looo Feet.* 



oOC 



0.04 c 16 
.05605 
.071 81 

.09055 

.1142 

.1440 

.1816 
.2289 
^887 

.3640 

•4! 
•57« 

.7299 
.9203 
1.161 

1.463 

1.845 
2.327 

2.934 
3-700 
4.666 

5-883 
7.418 

9-355 

11.80 
14.87 
18.76 

23.65 
29.82 
37.61 

47.42 
59.80 
7540 

95.08 
119.9 
151.2 

I9a6 
240.4 
3031 

382.2 
482.0 
607.8 

766.4 
966,5 



aooc 
(=680 F) 



0.049 01 
.06180 

.07793 

.09827 

•1259 
.1503 

.1970 
.2485 

•3133 

•3951 
.4982 
.6282 

.7921 
.9989 
1.260 

1.588 
2.003 
2.525 

3184 
4.016 

5.064 

6.385 . 
8.051 

10.15 
12.80 

i6wi4 
20.36 

25.67 

32.37 
40.81 

51.47 
64.90 

81.83 

103.2 
130. 1 
164. 1 

206^ 
26a9 
329.0 

414.8 

059.6 

831.8 
1049. 



(=iaa«F) 



0.054 79 
.06909 
.087 12 

•1385 
•1747 

.2201 
.2778 
.3502 

.4416 

.5569 
.7023 

.8855 
1.117 

1.408 

1.775 
2.239 

2.823 

3.560 
4.489 
5.660 

7.138 
9.001 

11-35 

14.31 
1 8.0 c 

22.76 

28.70 
36.18 

45.63 

57.53 

72.5s 
9148 

115.4 

1455 
1834 

2313 

367.8 

584.8 
7374 

929.8 

1173- 



( = «67<»F) 



0.059 61 
.07516 
.09478 

.1195 
.1507 
.1900 

.2396 
.3022 

.3810 

4805 
.6059 
.7640 

.9633 
1.215 

1.532 

1.931 
2436 
3-071 

3|73 
4.88A 

6.158 

7.765 
9.792 
12.35 

15-57 
19-63 
24.76 

31.22 
39.36 
49.04 

62.59 

78.93 
9952 

I2C.5 

155.2 
1995 

251.6 

317.3 
4oai 



I' 



04-5 
36.2 

802.2 



1012. 
1276. 



* Resiatance at the atated temperatttrea of a wire whoae kogth it looo feet it aoP C 
Smithsonian Tailc«« 
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WIRE TABLEt STANDARD ANNEALED COPPER {.omHmmd). 
AimriMii Win Ckift (B. A &). Bagllah UUts {eontinmd). 



'te 



00 

o 
I 

2 

3 
4 
5 

6 

I 

9 
10 

II 

12 
13 

:i 

18 

19 
». 

21 
22 

«3 



a? 
28 

29 

y> 

3' 

3* 

33 
34 
35 



39 

40 



at aoPC 



46ao 
409.6 
364.8 

354.9 

289-3 
257.6 

2294 
204.3 
18 1. 9 

162.0 

144.3 
128.5 

1 14-4 
Id. 9 

90.74 
80^1 

64.08 

57.07 
50.82 

45.26 

40.30 

35.8? 
3»-96 

2846 

25.35 
22.57 

2aio 
17.90 
15-94 

14.20 

12.6^ 

11.26 
10.03 

8.928 

7-950 

7X)8o 
6.305 
5.615 

5.000 
4-453 
3-965 

3-53« 
3-»45 



Pocuutt 
1000 Feat. 



640.5 

507-9 
40x8 

319-5 

253-3 
2oa9 

159.3 
126.4 

ioa2 

7946 
63.02 

49-98 

3963 

31-43 
24.92 

12-43 

9.858 
7.818 
0.200 

4.917 

3-899 
3.092 

2452 

1-945 
542 



I 
o 



223 

9699 
7692 

6100 

3836 

3042 
2413 
1913 

1517 
1203 

095 42 

.075 68 
.060 01 

.047 59 

.037 74 
.029 93 



Feet 

per 

Pound. 



1. 561 
1.968 
2^82 

3-130 
3-947 
4-977 

6.276 

7-914 
9.980 

12.58 

15.87 
20.01 

25.23 

31.82 
40.12 

63.80 
80.44 

1014 
127.9 
161 .3 

203.4 
256.5 

3234 

407.8 

514-2 
648.4 

817.7 
1031. 

1300. 

1639. 
2067. 

2607. 

3287- 
4145- 
5227. 

6591. 

8310. 

10 480. 



\l 



210. 
660. 
21 010. 



26 500. 
33 410. 



Feet per Ohm.* 



oo C 
(=3** F) 



22 140. 
17 560. 
13 930. 

II 040. 
8758. 
6946. 

4368. 
3464. 

2747. 
2170. 

1728. 

1370. 
1087. 
861.7 



683.3 
541-9 
429.8 



340.8 
270.3 

214.3 

170.0 
134.8 
106.9 

84.78 
67.23 

53-32 

42.28 

33.53 
26.59 

21.09 
16.72 
13.26 

10.52 

8.341 
6.614 

5-245 
4.160 

3-299 

2.616 

2.075 

1.645 

1-305 
1035 



20° C 

(=68^ F) 



20 40a 
16 180. 
12 830. 

10 180. 
8070. 
6400. 

5075- 
4025. 

3192. 

2531. 
2007. 

1592. 

1262. 
lOOI. 

794.0 

629.6 

499-3 
396.0 

314.0 
249.0 

197.5 

156.6 
124.2 
98.50 

78.11 
61.95 

4913 

38.96 
30.90 
24.50 

1943 
15.41 

12.22 

9.6QI 
7.6S5 
6.095 

4.833 

3.833 
3.040 

2.411 
1.912 
1.516 

1.202 
0.9534 



50° C 

(=122° F) 



18 25a 
14 470. 
II 480. 

9103. 
7219. 

5725. 

4540. 
3000. 

2855. 

2264. 

1796. 
1424. 

1 129. 
895.6 
7io.a 

563.2 
440.7 
354.2 

280.9 
222.8 
176.7 

1 40. 1 
III. I 
88.11 

69.87 
55-41 
43-94 

34.85 
27.64 
21.92 

17.38 
1378 
10.93 

8.669 

6.875 
5452 

4.323 
3429 
2.719 

2.156 
1.710 

1.356 

1075 
0.8529 



(=i67« F) 



16 780. 

13 300. 
10 55a 

52 

4173. 
3309. 
3625. 

2081. 
I65I. 

1309- 

1038. 
823.2 
652.8 

517.7 
410.6 

325.6 

258.2 
204.8 
162.4 

128.8 

I02.I 
80.99 

64.23 
50.94 

40.39 

3203 
25.40 
20.15 

15.98 
12.67 
10.05 

7.968 
6.319 
5011 

3.974 

3152 
2.499 

1.982 

1.572 
1.247 

O.9S86 
.7840 



* Length at ao^ C. of » wire whose resistance it 1 ohm at the stated teroperaturet. 
hwi i nw iiiiii Taslc*. 
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Table 31 9 {c0mti$med^ Eni 

WIRE TABLEt STANDARD ANNEALED COPPER (^^Mf^^wi^ 
Aiumiom Win Oat* (B. A S. ). BacUik Uilti {coniinutil). 



Gage 

No. 



oooo 

000 

oo 

o 
I 

2 

3 
4 
5 



7 
8 

9 

lO 

II 

12 

>3 
14 

\l 

17 

i8 
19 

20 

21 
22 

23 

24 

2 

2 

29 
30 

3« 
32 

33 
34 

35 

36 

39 
40 



Diameter 
in Mils 

at 
joOC. 



460.0 
409.6 
364^ 

324.9 

2893 
257.6 

229.4 
204.3 
181.9 

162.0 

144.3 
128.5 

II 4.4 
1 01 .9 
90.74 

80.81 
71.96 
64.08 

57-07 
50.82 

45.26 
40.30 

35-8? 
31.96 

28.46 

25-35 
22.57 

20.10 
17.90 

»5-94 

14.20 
12.64 
11.26 

10.03 
8.928 
7.950 

7.080 
6.305 
5.615 

5.000 

4.453 
3965 

3-53« 
3145 



Ohms per Pound. 



oPC. 



0.000 070 51 
.000 1 121 
.000 1783 

.000 2835 

.0004507 
.0007166 

.001 140 
.001 812 

.002881 

.004 581 
.007 284 
JOll 58 

.018 42 
.029 28 
.046 56 

.07404 
.1177 

.1872 

.2976 

•4733 
•7525 

1. 197 

1903 
3.025 

4.810 

7.649 
12.16 

19-34 

32-75 
48.89 

77.74 
123.6 

196.6 

3^2.5 
497.0 
790.2 

1256. 
1998. 

3177. 

5051. 

8032. 

12 77a 

20 310. 
32290. 



aoOC. 
( = 68° F.) 



0.000 076 52 
JOOQ I217 
.000 1935 

.000 3076 

.0004891 

.000 7778 

.001 237 
.001 906 
.003 127 

.004 972 
.007905 
.012 57 

.01999 
.031 78 

•050 53 

.08035 

.1278 

.2032 



.3230 
!8i67 

1.299 
2.065 

3-283 

C.221 
8.301 
13.20 

20.99 

33.37 
53.06 

84.37 
134.2 

213-3 
339.2 

1364. 
2168. 

3448. 

5482. 

8717. 
1386a 

22 04a 
35040. 



50PC. 

(=i2aOF.) 



0.000 085 54 
.000 1300 

.000 2163 



.000343 

.000 546 

869 



.000 



5 



.001 381 
.002 195 
.003 495 

.008838 
.014 05 

.022 34 

.035 53 
.056 49 

.08983 

.1428 

.2271 

.3611 

.5742 
.9130 

1.452 
2.308 
3.670 

5.836 
9.280 
14.76 

23.46 

37.31 
59.32 

94.32 
150.0 

238.5 

379-2 
602.9 

958.7 

1524. 
2424. 

3854. 

6128. 

9744. 
15490. 

24640. 
39170. 



Pounds per O) 



adOC. 
( = 68° F.) 



1307a 
8219. 
5169. 

3251. 
2044. 
1286. 



808.6 
508.5 

3«9.8 

201. 1 
126.5 

79-55 

50.03 
3^-47 
'9-79 

12.45 
7.827 
4.922 

3.096 

1-947 
1.224 

a77oo 

.4843 
.3046 

.1915 
.1205 
.07576 

.04765 
XX2007 
x)i8 85 

.011 85 
.007 4 u 
.00468s 

.002 94S 
.001 854 
.001 lii 

.000733 

.000461 
.000 29c 

.000 182 
.000 114 
.000072 

.000 04( 
.000 02^ 



Smithsonian Ta«lc«. 



cmie. 
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%r 



0000 

000 

00 

o 
I 

2 

3 

4 
5 



I 



9 
10 

IX 

13 

13 

II 

18 

20 

21 
22 

«3 
24 



28 
29 

30 
31 
32 

33 
34 
35 

36 

38 

39 
40 



Duimeter 

in mm. 

at ao® C. 



11.68 

ia40 
9.266 

8.252 

7.348 
6.544 

5.827 
5.189 
4.621 

4.115 
3665 
3-264 

2.906 
2.588 

2305 



1.628 

1.450 
1.291 
1. 150 

1.024 
a9ii6 
^118 

.7230 

.6438 
•5733 

.5106 

•4547 
.4049 

.3606 
.3211 
.2859 

.2546 
.2268 
.2019 

.1798 
.160X 

.1426 

.1270 
.1131 
.1007 

J089 69 
X)79 87 



CroM Section 

in mm.* 

at 20PC 



107.2 

85.03 
67.43 

5348 
42.41 

3363 

26.67 
21.15 
16.77 

1330 
8.366 

6.634 
5.261 

4.172 

3.309 
2.624 

2.081 

1.65c 

I.30Q 
1.038 

a823i 
.6527 
.5176 

.4105 

•3255 
.2582 

.2047 
.1624 
.1288 

.1021 
.080 98 
.064 22 

•050 93 
.040 39 
.032 03 

.025 40 
.020 14 

•015 97 

.012 67 
.010 oj 
.007 967 

.006 318 
.005 010 



Ohms per Kilometer.* 



tfiC 



0.1482 
.1868 

•2356 

.2971 
•3746 
4724 

.5956 

•75" 
.9471 

1.19^ 
1.506 
1.899 

2.395 
3.020 

3807 

4.801 
6.054 

7.634 

9.627 
12.14 

>5-3« 

19.30 
24.34 
30.69 

38.70 
48.80 
61.54 

77.60 

97.85 
1234 

155.6 
196.2 
247.4 

3" -9 
393.4 
496.0 

788.'7 
994.5 

1254. 
1581. 
1994. 

2514- 
3»7». 



joPC. 



0.1608 
.2028 

.2557 

.3224 
4066 
.5127 

.6465 
.81Q2 
1.028 

1.296 
1.634 
2.001 

2.599 

3.277 
4.132 

C.211 
6.571 
8.285 

10.45 

13.17 
16.61 

20.95 
26.42 

333> 
42.00 

84.21 
106.2 

»339 

168.9 
212.9 
268.5 

338.6 
426.9 

538.3 

678.8 
856.0 
1079. 

1361. 
1716. 
2164. 

2729. 
3441. 



SO^C. 



ai798 
.2267 
.2858 

.3604 
•4545 
•5731 

.7227 

•9" 3 
1.149 

1.449 
1.827 
2.304 

2.905 

3663 
4.619 

5.825 

7.345 
9.262 

11.68 

14.73 
18.57 

23.42 

29.53 
37.24 

46.95 
74.66 

94.14 
118.7 
149.7 

188.8 
238.0 
300.1 

378.5 
477-2 
601.8 

758.8 

956.9 
1207. 

1522. 
1919. 
2419. 

3051- 
3847. 



75° C 



0.1956 
.2466 
.3110 

.3921 

4944 
•6235 

1 .7862 

.9914 
1.250 

1.576 
1.988 
2.506 

3.161 

3.985 
5.025 

6.337 

7.991 
10.08 

12.71 
16.02 
20.20 

25.48 
32.12 

40.51 

51.08 
64.41 
81.22 

102.4 
129.1 
162.9 

205.4 
258.9 
326.5 

411.7 
519.2 

654.7 

825.5 
1041. 

>3i3 




2632. 



3319- 
4185. 



•Redstanoe at the stated temperatores of a wire whose length is i kilometer at »<fi C. 
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N<x 



00 

o 
I 

2 

3 
4 
5 

6 

I 

9 

10 

II 

12 

13 
14 

\l 

18 
20 
21 

22 

n 

21 



M mm. 
at jc/>C 



S 



11.68 
10.40 
9^266 

8.252 
7.348 
6.544 

5.827 
5.189 
4.621 

4.1 15 

3-665 
3-264 

2.906 

2.588 
2.305 

2.0 
1.8 
1.628 

1.450 
1.291 
1.150 

1.024 
0.91 16 
.8118 

.7230 

.6438 
•5733 

.5106 

4547 
.4049 

.3606 
.3211 

.2859 

.2546 
.226B 
.2019 

.1798 
.1601 

.1426 

.1270 
.1131 
.1007 

.08969 
.07987 



Ohms per Kilogram. 



oOC 



aooo 155 4 
.000 247 2 
.0003930 

.000 624 9 
•»ooo9^3 6 
.001 

.002 512 

•003995 
.006352 

.010 10 
.01606 
•025 53 

.04060 
.064 56 
.1026 

.1632 

•2595 
.4127 

.6562 

1.043 
1.659 

2.638 
4.194 
6.670 

10.60 
16.86 
26.81 



42.63 
67.79 
107.8 

17 1.4 
272.5 

433-3 

689.0 
1096. 
1742. 

2770. 
4404. 
7003. 

1 1 140. 
1771a 
28150. 

44770. 
71180. 



•oOC. 



0.000 168 7 
.000 268 2 
.000426 5 

.000678 2 

.001 078 
.001 715 



.002 726 
.004 335 
.006893 



.01096 

•017 43 
.027 71 

.04406 
.07007 
.1114 

.1771 
.2817 

.4479 

.7122 
1. 132 
1. 801 

2.863 
4.552 
7.238 

11.51 
18.30 
29.10 

46.27 

73.57 
II 7.0 

186.0 
295-8 
470.3 

747.8 
1 189. 
1891. 

3006. 
4780. 
7601. 

1209a 
19220. 
30560. 

48590. 
77260. 



50OC 



aooo 1886 
.000 2999 
.000 476 8 

.000 758 2 
.001 206 
.001 917 

.003048 
.004 846 
.007 706 

.012 2i( 
.019 48 
.03098 

.049 26 

.078 33 
.1245 

.1980 

.3M9 
.5007 

.7961 
1.266 
2.013 



Grams per Ohm. 



aoPC. 



3.201 
5,089 
8.092 

12.87 
2a46 

32.53 

51.73 
82.25 

130.8 

207.9 
330.6 
525-7 

836.0 

1329. 
2114. 

3361. 

5344. 
8497. 

13510. 
21480. 
3416a 



^ 



310. 
636a 



592800a 
3728 00a 
234400a 

I 47400a 
927 30a 
58320a 

36680a 
23070a 
145 100. 

91 2ja 
57380. 
3608a 

22 69a 

14 27a 

8976. 

56.45 
3550. 
2233. 

1404. 
883.1 

5554 

349-3 
219.7 

138.2 

86.88 
54.64 
34.30 

21.61 
1^59, 




5.376 

3.381 
2.126 

1-337 
0.8410 

.5289 

.3326 
.2092 
.1316 

.082 74 
.052 04 
.032 73 

.020 58 
.012 94 
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Tablk 321. -aluminum WIRE TABLE. 



EnoiNI 



Hard-Dimwa Alunlnum Wlzt at 20* 0. (or, 68* P.). 



Amtiloa]iWlnOact(B.*8.). BncUih Uatli. 



Gage 

No. 



0000 
000 

oo 

o 
I 

2 

3 
4 

5 



7 
8 

9 

10 

II 

12 
13 

18 

19 
20 

21 
22 

23 
24 

26 

27 
28 

29 
30 

3' 

32 

33 
34 
35 

36 
38 

39 
40 



Diameter 
in Mils. 



46a 
410. 

365- 

325- 
289. 

258. 

229. 
204. 
182. 

162. 
144. 
128. 

114. 

102. 

91. 

81. 

72. 
64. 

57. 
51- 
45- 

40. 
36. 
32. 

28.5 

25 
22 



i 



20.1 
17.9 
15.9 

14.2 
12.6 

"•3 

1 0.0 
8.9 
8.0 

7.1 

6.3 
5.6 

5.0 

4-5 
4.0 

3.5 
31 



Cross Section. 



Circular 

Mils. 



212 000. 

168 ooa 

133000. 

106 000. 

8370a 

60 400. 

52 600. 
41 70a 

33 'OO- 

26 100. 
20 800. 
16 500. 

13 loa 

1040a 

8230. 

6530. 
5100. 
411a 

3260. 
2580. 
2050. 

1620. 
1290. 
1020. 

810. 
642. 
509. 

404. 
320. 

254- 

202. 
160. 
127. 

lOI. 

79.7 
63.2 

50.1 
39-8 
3'-5 

25.0 
19.8 

»5-7 

12.5 
9-9 



Square 
Inches. 



0.166 
.132 
.105 

.0829 
.0657 
.0521 

.041 
.032 
.0260 

.0206 
.0164 
•0130 

•0103 
.008 15 
.006 47 

•005 13 
.00407 
.00323 

.002 56 
.002 03 
.001 61 

.001 28 
.001 01 

.000 802 

.000636 
.000 505 
.000400 

.000 317 
.000 252 
.000 200 

.000 158 
.000 126 
.000 099 5 

.000 078 9 
.000 062 6 
.000 049 6 

.000 039 4 
.000 031 2 
.000 024 8 

.000 019 6 
.000015 6 
.000012 3 

.00000979 
.000007 77 



Ohms 

per 

1000 FeeU 



0.0804 
.101 
.128 

.161 




.323 
.408 
.514 

.648 
.817 
1.03 

1.30 
1.64 
2.07 

2.61 

329 
4.14 

5-22 
6.59 
8.31 

10.5 
13.2 
10.7 

21.0 
26.5 

33-4 



42.1 

3» 
.0 



^ 



84.4 
106. 

134- 

169. 
213. 
269. 

339. 
428. 

540. 

681. 
858. 
1080. 

1360. 
172a 



Pounds 
1000 Feet. 



195- 
154- 
122. 

97-0 
76.9 
61.0 

48.4 
38-4 
304 

24.1 
19. 1 
15.2 

12.0 

9-55 
7.57 

6.00 
4.76 

378 

2.99 

2.37 
1.88 

1.49 
1. 18 

0.939 

.745 

•591 
468 

•371 
.295 

.234 

.185 
.147 
.117 

.0924 

•0733 
.0581 

.0461 

.0365 
.0290 

.02^0 
.0182 
.0145 

•0115 
xxgi 



Pounds 
per Ohm. 



2420. 
152a 
957. 

60a. 
379. 
238- 

iSa 

94^ 

59.2 

37-2 

14.7 
9.26 

'^ 

2.30 
I.4S 
0.91 1 

573 

.360 
.227 

.143 

.0897 

.0564 

•035s 
.0223 

.0140 

x)o8 82 

•0055s 
.00349 




.000 546 
•000343 
.000216 

xxx> ii6 
.000085 4 
.000 053 7 

JO000338 

XX)0 02I 2 

x)Oooi3 4 

J00000840 
xxx>oo5 28 



Feet 
per Ohm. 



12 40a 
986a 
782a 

620a 
492a 
3900. 

3090. 
2450. 
1950. 

154a 
1220. 

970. 
77a 

6ia 
484. 

384^ 

304- 
241. 

191. 
152. 
120. 

95-5 

75-7 
6ao 

47.6 
37.8 
29.9 

14.9 

11.8 

9.39 

745 

4.68 
372 

2.95 
1.85 

1.47 
1.17 

0.924 
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Haxd-DnwB ilimlmiiii Win at 20^ 0. 



iMtrtoan Wirt Oaf* (B. t S.) Ktlxlo Vniti. 



Ka 



000 
CX> 

o 

I 

2 

3 
4 
5 



7 
8 

9 
10 

II 

13 
13 

18 

»9 
20 

21 
22 

23 
24 



27 
28 

29 

30 
31 
32 

33 
34 
35 

36 

^ 
38 

39 
40 



Diameter 
in mm. 



II.7 
10.4 

9-3 

8.3 
6.5 

5^ 
4.6 

4.1 
3-7 
3-3 

2.91 
2.59 
2.30 

2.05 

1.63 

1.45 
1.29 

i.iS 

1; 

.72 
.64 
•57 

•51 

•45 
40 

.36 
•32 
.29 

•25 

.227 

.202 

.180 
.160 

.143 
.127 

•"3 
.101 



CroM Section 
in mm.* 




107. 
85.0 
674 

53-5 

42.4 

33-6 

26.7 
21.2 
16.8 

133 
10.5 

8-37 

6.63 
5.26 
4.17 



e.62 



3- 
2.02 

2.08 



1.65 

I 31 
1.04 

0.823 

.653 
.518 

.411 
.326 
.258 

.205 
.162 
.129 

.102 

.0810 

.0642 

•0509 
.0404 
.0320 

.0254 
.0201 
.0160 

.0127 
.0100 
.0080 

.0063 
.0050 



Ohms per 
Kilometer. 



0.264 

'333 
419 

.529 
.667 
.841 

1.06 

1-34 
1.69 

2.13 
2.68 

3.38 

4.26 

.38 
78 

8.^5 
10.8 
13.6 

17.1 
21.6 

27.3 

344 

43-3 
54.6 

68.9 
86.9 
no. 

138. 
174. 
220. 

277- 

349- 
440. 

555- 
700. 

883. 

1 1 10. 
1400. 
177a 

2230. 
2820. 

3550- 

4480. 
5640. 



Kilograms per 
Kilometer. 



Grams per 
Ohm. 



289. 



144. 
114. 
90.8 

72.0 
57.1 

45-3 

35-9 
22.6 

17.9 

14.2 

"•3 

8.93 
7.08 
5.62 

4.46 

3-53 
2.80 

2.22 
1.76 
140 

I. II 

0.879 
.697 




.348 



.276 
.219 

173 

.138 
.109 
.0865 

.0686 

•0544 
.0431 

.0342 
.0271 
.0215 

.0171 
•o»35 



I 100 00a 
690 000. 
434 000. 

273 000. 
172 000. 
108 000. 

67 900. 
42 700. 
26 900. 

16 900. 

10 600. 

6680. 

4200. 
2640. 
1660. 

1050. 
657. 

413- 

260. 
164. 
103. 

64.7 
40.7 
25.6 

16.1 
10. 1 
6.36 

4.00 
2.52 
1.58 

0.99 
.62 

•394 

.248 
.156 
.0979 

.0616 
.0387 
.0244 

'^^S3 
.00963 

.00606 

.003 81 
.002 40 



Meters per 
Olun. 



3790- 
3010. 

2380. 

1890. 
1500. 
II90. 

943- 
748. 

593- 

470. 

373. 
296. 

186. 
148. 

117. 
92.8 

73-6 

58.4 

46.3 
36.7 

29.1 
23.1 
18.3 

145 
11.5 

913 

7.24 
574 
4-55 

3.61 
2.86 
2.27 

1.80 

1.43 
113 

0.899 
.712 
.565 

.448 

•355 
.2S2 

.223 
'^77 



IAN 



394 Tables 823, 824. 

DIELECTRIC STRENGTH. 
TIBLB 8ftS.-8tMAF?0tiAtlil]NfiaraM0iBV«l1in4plxtdtBFnd«ta9iaiktBA& 



Spark 

length. 

cm. 


^ — 0. 
Points. 


J?* 0.15 
cm. 


if — 0.5 

cm. 


iP«*i cm. 


J? — a cm. 


Jf — acm. 


PI 


0.02 


» 


^ 


1560 


1530 








ao4 


- 


- 


2460 


2430 


2340 






ao6 


- 


— 


3300 


3240 


3060 






o.o8 


- 


- 


4050 


3990 


3810 






O.I 


3720 


5010 
8610 


4740 


4560 


4560 


4500 


4350 


0.2 


4680 


8490 


8490 


8370 


7770 


11^ 


0-3 


5310 


1 1 140 


1 1460 


II340 


III90 


10560 


io6s 
1 3580 
16320 


0.4 


S970 


14040 


14310 


14340 


14250 


13140 


tl 


6; 00 
6^40 


15990 


16950 


17220 


16650 


16470 


17130. 


19740 


20070 


20070 


19380 


191 10 


a8 


8070 


23790 


24780 


25830 


26220 


24960 


I.O 


8670 


20670 


26190 


27810 


29850 


32760 


10840 U 


'•5 


9960 


22770 


29970 


37260 






y 


2.0 


10 1 40 


^3570 


33060 


45480 






fl 


30 


1 1 250 


28380 










H 


4.0 


12210 


29580 










jl 


5.0 


13050 












II 



Based on the results of Bailie, Bichat>Blondot, Freyburg, Liebig, MacfairlaDe, Orgler, Paschen, Quincke, de la Roe, 
Wolff. For ispark lengths from i to aoo wavs.leqgths of lodiam light, lee Earhart, Phys. Rev. 15, p. 163; Hobbs, 
Phil. Mag. 10, p. 607, 1905. 



TIBLB SMi — AltttBtttnt Ovnttt Pottatiali nqidnd to yrodoM a Sptik Ia Air witk Tutow Ban 

tnaaa. 

The potentials given are the maxima of the alternating waves used. Frequency, 33 cycle 

seconcL 



Spark length, 
cm. 


R^t cm. 


i?*i.9> 


i?-5 


i?-7.5 


i?— to 


iP-iS 


0.08 


3770 












.10 


4400 


4380 • 


4330 
5830 


4290 


4245 


4230 
5780 


•IS 


5990 


5940 


5790 


5800 


.20 

•25 


7510 
9045 


7440 
8970 


7340 
8850 


7350 
8710 


7320 
8760 


i^s 


0.30 


10480 


10400 


10270 


10130 


10180 


10150 


•35 


1 1980 


11890 


11670 


11570 


11610 


11590 


.40 


X3360 


13300 


13100 


12930 


12980 


12970 


•45 
.50 


4770 
1 61 40 


14700 
16070 


14400 
15890 


14290 
15640 


14330 
15690 


>4320 

15690 


0.6 


18700 


18730 
21380 


18550 


18300 


18350 


18400 


:5 


an50 


21140 


20980 


20990 


2I00D 


. 23820 


24070 


23740 


23490 
26130 


23540 


23550 
26090 


0.9 


26190 


26640 


26400 


261 10 


1.0 


28380 


29170 


28950 


28770 


28680 


28610 


1.2 


32400 
35850 
38750 


34100 
3S85O 


33790 
38850 


3' 660 
38580 


^^' 


3' 620 
38580 


43400 


43570 
48300 


43250 


43520 




1.8 


40900 1 


— 


47900 






2.0 


43950 






52400 







Based upon the results of Kawalskl Phil. Mag. 18, p. 699, 1909. 
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mora wiOaiy Sfvanltd BlMtrodM. 



F 




1. 


s^,.^ 1 B 


I-' 

< a 


Steady potentiale. 


1 

• 


f 


^8 
** 

1« 


Ball electrodes. 


Cup electrode*. 


1 


^1 


Ball electrode*. 


1 


& 

CO 






s 

s. 

to 


if 








R^tCIB. 


Rwa.s cm. 


Projection. 


R^icm. 


R^>a.5Cin. 


\ 














4.5 nm. 


1.5 mm. 




Q 






' 


c 
3-3 


.. 


» 


.. 


^ 


II280 


6.0 


61000 


. 


86830 




i5 


- 


17610 


17620 


- 


17420 


il 


— • 


52000 


- 




•^•7 


— 


— 


23050 


— 


22950 
31260 


67000 


52400 


90200 




1.0 


12000 


30240 


36810 


31400 


10.0 


73000 


74300 


9>930 




1.2 


- 


33800 


- 


36700 


12.0 


82600 


- 


93300 


^ # 


*-5 


- 


37930 


44310 


— 


445»o 


14.0 


92000 


— 


94400 


1 


2X> 
2.5 


29200 


42320 
45000 
46710 


56000 
65180 


56500 


^^^ 


'1° 
10.0 


lOIOOO 


^ 


94700 

lOIOOO 


1 


3.0 


40000 


71200 


80400 


81 140 


20.0 


II9000 






1 


3^5 

4.0 


48500 


49100 


i^ 


101700 


92400 
103800 


25.0 
30.0 


140600 
165700 






1 


4-5 


— 


— 


81540 
83800 


— 


I 14600 


35-0 


190900 






1 


5.0 


56500 


50310 


- 


126500 










I 


5-5 










135700 












Tlue table for longer sparii lengths contains the results of Voege, Ann. der Phys. 14, 1904, using alternating carrent 
ad ** dull point'* dectrodes, and the results with steady potential found in the recent very canuul woiic of C. MOV 
ler, Aon. d. Phya. 28, p. 585, 1909. 

The specially constructed elec- 
trodes R>r the columns headed 
" cup electrodes " had the form of 
a projecting knob ^ cm. in diame- 
ter and having a hei|;ht of 4.5 mm. 
and 1.5 mm. respectively, attached 
to the plane face of the electrodes* 
These electrodes ^ve a very satis- 
factory linear relation between tlie 
apark lengths and the voltage 
toroughout the range studied. 



VAIU SM.— BflNt d tke Piitnn d tiM Oat n tkt DUlaotite Sbnttk. 

Voltages are given for different spark lengths /. 



Pressure, 
cm. Hg. 


/■^.04 


1^0.06 


/-ao8 


/■■a 10 


^o.ao 


/""o 30 


A-o^o 


/•-0.50 


2 


_ 


^^ 


^ 


^ 


744 


939 


TIIO 


1266 


4 
6 


^ 


483 
582 


« 


648 

795 


1015 
1290 


1350 
1740 


1645 
2140 


I915 
2505 


xo 


— 


771 


933 


1090 


1840 


2450 


3015 


3580 


15 


— 


1060 


1280 


1490 


2460 


3300 
4800 


4080 

ooOd 


4850 


25 


1 1 10 


1420 


1725 


2040 


3500 


7120 


35 


1375 
1640 


1820 


2220 


2615 


4505 


6270 


7870 


9340 


45 


2150 


2660 


3120 


5475 


7650 


9620 


1 1420 


11 


1820 


2420 


3025 


3610 


6375 


8950 


11200 


13455 


2040 


2720 


3400 


4060 


7245 
8200 


10210 


12950 


15470 


75 


2255 


3035 


3805 


4565 


1 1570 


14650 


17450 



This table is based upon the results of Orgler, 1899. See thb paper for work on other gases (or Landolt-B5ni8tein- 

fw long spark lengths in various gases see Voese, Electrotecbn. Z. a8, 1907. For dielectric strength of air and CO| 
I cyhndncalair condensers, set Wiea, Ann. d. Phys. a9, p. 679, i909i 



i 
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Tables 327t 328. 
DIELECTRIC STRENGTH. 



TABLE sa7.-IMalMtzlo Btnoftk of Ibtnlili. 
Potential necessary for puncture expressed in kilovolts per centimeter thickness of the 



Substance. 



Ebonite . . . 

Empire cloth . 

** paper . 

Fibre .... 

Fuller board 

Glass .... 

Granite (fused) 

Guttapercha . . 

Impregnated jute 

Leatheroid . . 

Linen, varnished 

Liquid air . . 

Mica : Thickness. 

Madras 0.1 mm. 

1.0 ** 

Bengal 0.1 " 
44 



" 1.0 
Canada o.i 

" 1.0 
South America 
Micanite . . 



It 



u 



Kilovolts 
per cm 



Substance. 



300-1100 
80-300 

450 
20 

200-300 

300-1500 

o ^ 

80-200 
20 

30-60 

100-200 

40-90 

1600 

300 
2200 

700 
1500 

500 

1500 

400 



Oils: 
Castor 

Cottonseed . 
Lard 

•4 

Linseed, raw 



Thickness 
0.2 mm. 
1.0 " 



•4 

a 

tt 



44 



boiled 



0.2 
1.0 
a2 
1.0 
0.2 
1.0 



44 

44 
44 

44 

14 
44 



Lubricating 
Neatsfoot 

44 



OUve 



44 



Paraffin 



a2 
1.0 

0.2 

a2 
1.0 

Sperm, mineral a2 

" 1.0 

*' natural 0.2 

1.0 

0.2 

1.0 



44 



44 



Turpentine 
44 



44 

•4 
U 
44 
44 
44 
44 
44 
44 
M 



m 

-oE 

> u 

5 2L 



190 

130 

70 
140 

40 
185 

90 

'^ 

200 

90 
170 

75 

160 

180 

85 

«95 

90 

160 

110 



Substance. 



Papers: 

Beeswaxed 

Blotting . 

Manilla . 

Paraffined 

Varnished 
Paraffine : 

Melted . . . 
Meh. point. 

Solid 43* 



tt 



47* 



4< 



70^ 

Presspaper . . . 
Rubber .... 
Vaseline. . . 

Thickness. 
Xylol 0.2 mm. 

IJO - 



44 



KUoToks 
per cm. 



770 
150 

25 
500 

100-250 

75 

350 
400 

230 

450 

45-75 
160-500 

90-130 

140 
80 



TABLB 328. — Polntltli in Volti to Pntnoe t 9ptzk In KnoMn*. 



Spark length. 


Electrodes Balls of Diam. d, I 


0.5 cm. 


1 cm. 


acm. 


3 cm. 


0.1 
.2 

•3 

.4 

i 

.8 
1.0 


3800 

7500 
10250 
11750 
13050 
14000 
^5500 
16750 


3400 

6450 

9450 
10750 

12400 

13550 
15100 
16400 


2750 
4800 

7450 
9100 

IIOOO 

12250 

13850 
15250 


2260 

3500 

4600 
5600 
6900 

8250 
10450 
12350 



Determinations of the dielectric strenfi;th of the same substance by dififerent observers do oot «gree well. For a dis- 
cussion of the sources of error see Mofcicki, Electrotechn. Z. 35, 1^4. 

For more detailed information on the dependence of the ■panuig dittancf in oili as a foncdoo of the nature of the 
electrodes, see Edmondson, Phys. Reriew 6, p. 65, 1898. 
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This table gives the ratio of the resistance of straight copper wires with alternating currents of 
different frequencies to ihe value of the resistance with direct currents. 



Diameter of 
wire in 


Freqneoqr « "" 






1 








60 


no 


tooo 








005 


^ 


. 


. 


. 


. 


•x.ooi 


0.1 


- 


- 


- 


- 


•1.001 


xxx)8 


0.25 


- 


- 


- 


- 


1.003 


1.247 


0.5 


— 


— 


— 


*I.OOI 


1.047 


2.240 


1.0 


- 


- 


— 


1.008 


1-503 
2.756 


4.19 


2 


— 


— 


1. 001 


1. 120 




3 


- 


- 


1.006 


1.437 


4.00 


• 


4 


- 


- 


I.02I 


1.842 






5 


- 


*I.OOI 


1.047 


2.240 






7-5 


1. 001 


X.002 


1. 210 


3.22 






10 


1.003 

1. 01 6 


1.008 


1-503 
2.136 


4.19 






15 


1.038 








20 


1.044 


1. 1 20 


wt 








25 


1. 105 


1.247 








40 


1.474 


1.842 










100 


3-31 


4.19 











Values between i.ooo and 1.001 are indicated by *x.ooi. 

The change of resistance of wires other than copper (iron wires excepted) mav be calculated 
from the above table, making use of the fact that the change of resistance is a function of the 

argomcnt / = 2irr^2«X where r = radius of cross-section, « = frequency, X = conductivity. 

If a given wire be wound into a solenoid, its resistance, at a given frequency, will be greater than 
the values in the table, which apply to straight wires only. The resistance in this case is a com- 
plicated function of the pitch ana radius of the winding, the frequency, and the diameter of the 
wire, and is found by experiment to be sometimes as much as twice the value for a straight wire. 



TABLB S80. — BlMMoai BttiitaBM for Hlgli FnqiMiielM. 

For which the high frequency resistance will be less than i per cent greater than 

direct current resistance. 



Wave-length. 


Constantan or Advance 
Wire. 


Manganin 
Diameter. 


Platinum 
Diameter. 


Copper 
Diameter. 


Diameter. 


Maximum 
Current. 


m. 

100 

200 

300 

400 

600 

800 

1000 

1200 

1500 

2000 

3000 


fntn. 
0.30 
0.46 

0.66 
0.83 
a98 
1. 10 
1.20 

I-30 
X.52 
1.80 


amfi, 

35 

4.5 

5-5 
7.0 

8.0 

10.0 

11.5 

12.5 

14.0 

I7x> 

24.0 


fwwfn* 

0.29 
0.40 
0.50 
0.00 

0.75 
0.88 

0.99 
1. 10 

1.21 
X.62 


fntn. 
0.13 
0.29 
0.27 
0.30 

0.37 
0.42 

0.50 

0.57 
0.63 ' 

0.73 
a8o 


fntn. 

0.006 

0.045 

0.09 

0.10 

0.1S 

0.20 

0.21 

0.22 

0.26 

0.30 

0.33 



Advance wire is practically identical electrically with constantan, while for high resistance Ger- 
man silver the values are nearly the same as for manganin. The column of the table under maxi- 
mam current gives the approximate current which may be carried by the various sizes without 
andae heating. The current capacity of the manganin is very nearly the same. 

From Austin, Jour. Wash. Acad, of ScL 2, p. 190^ 191 1. 
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Tablk 381. 
WIRELESS TELEGRAPHY. 

WaT»-Lagtk In Httm, Fziqimmt U ytziodi ptr Mooia, aad Omlllitliwi OaslaBt LO Is 



Meten. 


n 


LC 


MeCtra. 


D 


LC 


1 Mtters. 


B 


LC 


TOO 


3.000,000 


0.00282 


600 


500,000 


0.101 


1100 


272,700 


1 
0.341 


1 10 


2,727,000 


0.00341 


610 


491.800 


0.105 

aioS 


1 1 10 


270,300 


0.347 ' 


120 


2,500,000 


O.004OJ 
0.00470 


620 


485.500 
476,200 


1120 


267,900 


0-3S3 


«30 


2,308,000 


630 


0.1 11 


1130 


265,500 


0-3S9 


140 

IS 


2,143.000 
2,000,000 


aoo552 
0.00633 


640 


468,700 
461,500 


0.115 
0.119 


II40 
1150 
1100 


263,100 
260,900 


0.3& 
0.372 


1,875,000 


0.00721 


454.500 
447,800 


0.123 
0.126 


258.600, 


0.379 


^l^ 


1,765,000 


0.00813 


$z° 


1170 


256.400 


0.385 


180 


1,667,000 


0.00912 


^ 


441,200 


0.130 


1180 


254,200 


0.392 


190 


1,579,000 


0.01016 


690 


434.800 


0.134 


1190 


252,100 


0-399 


200 


1,500^000 


0.01 13 


700 


428,600 


0.138 


1200 


250,000 


0.405 


210 


1,429,000 


0.0124 


710 


422,500 


0.142 


1210 


247,900 


0.412 


220 


1,364,000 


0.0136 


720 


416,700 


0.146 


1220 


245.900 


0.419 


230 


1,304.000 


0.0149 


730 


411,000 


0.150 


1230 


243.900 


0426 


240 


1,250,000 


0.0162 


740 


405,400 


0.154 


1240 


241,900 


0.433 


2qo 
200 


1,200,000 
1,154.000 


0.0176 
0.0190 


?s 


400,000 
394.700 


0.158 
0.163 


1250 
1260 


240,000 
238,100 


0.440 
0447 


280 


1,111,000 


0.0205 


?s 


389.600 


ai67 


1270 


236,200 


0.454 
0.461 , 


1,071,000 


0.0221 


384*600 


ai7i 


12$0 


234,400 


290 


1,034.000 


0.0237 


790 


379»8oo 


0.176 


1290 


232,600 


0468 


300 


1,000,000 


0.0253 


800 


375.000 


0.180 


1300 


230,800 


0476 


310 


967.700 


0.0270 


810 


370,400 


0.185 


I3I0 


229,000 


0.483 


320 


937.500 


0.0288 


820 


365.900 


0.189 


1320 


227,300 
225,000 


0.490 


330 


909,100 
882,400 


0.0307 


830 


361,400 


0.194 


1330 


0498 


340 


0.0326 


840 


357,100 


0.199 


1340 


223,900 


0.505 


^S 


859,100 


0.0345 


850 
860 


352.900 


0.203 
a208 


1350 

1360 


222,200 


0.513 


833.: 00 

810,800 


0.0365 


348.800 


220,600 


0.521 


370 


0.0385 
0.0400 


52° 


344.800 


a2i3 
0.218 


1370 


218,900 


0.529 


380 


789,500 


880 


340,900 


1380 


217,400 


0.536 


390 


769.200 


0.0428 


890 


337.XOO 


0.223 


1390 


215,800 


0.544 


400 


750,000 


0.0450 


900 


333.300 


a 228 


1400 


214,; 00 

212,^00 


0.552 


410 


731.700 


00473 
0.0496 


910 


329,700 


0.233 
0.238 


1410 


0-559 


420 


7Mi3oo 


920 


326.100 


1420 


211,300 
209,800 
208,300 


0.5^ 


430 


607,700 


0.0520 


930 


322,600 


0.243 


X430 


0.576 


440 


681.800 


0.0545 


940 


319,100 


0.249 


1440 


0.584 


460 


666,700 


0.0570 


950 


315.900 


0.254 


1450 

1460 


206,900 


o??n 
0.000 


652,200 


0.0596 
0.0622 


960 


312,500 


0.259 
0.265 


205,500 


470 


638,300 


970 


309.300 


1470 


204,100 


0.608 


480 


625,000 


0.0649 


980 


306,100 


0.270 


1480 


202.700 


0.617 


490 


612,200 


0.0676 


990 


303,000 


0.276 


1490 


201.300 


a6a5 


500 


600,000 


0.0704 


1000 


300,000 


0.281 


1500 


200,000 


0.633 


510 
520 


588,200 
576,900 


0.0732 
0.0761 


lOIO 

1020 


297,000 
294,100 


0.287 
0.293 


1510 
1520 


198.700 
197.400 


a642 
0.650 


530 


566^000 


0.0791 


1030 


201.300 


0.299 


1530 


196,100 


t^ 


540 


555.600 


0.0821 


1040 


288,400 


0305 


1540 


194,800 


?S 


545' 500 
535.700 
526,300 


aoSqi 
0.0883 


1000 


285,700 
283.600 


0.310 
0.316 


1550 

1560 


193,600 
192,300 


0.676 
0.685 


^r 


0.0915 


1070 


280,400 


0.322 


1570 


101,100 


0.694 


580 


517.200 


0.0947 


1080 


277,800 


0.328 


1580 


189,900 


0.703 


590 


508,500 


0.0981 


1090 


275,200 


0.33s 


1590 


188,700 


0.712 

1 



Prepared by OaenlMf W. Picarri : eopyrixhtby WireleM Specialty Apparatus Company. New York. Computed oB 
basia of 300,000 kilometera per sacopj for the vtlodty of propagstioa of electronagoetic wavts. 
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Table 332. 



WIRELESS TELEGRAPHY. 



Hadiitiow Rwlitmnti for Varlou WaT»-Laifft]iB and Antnaa Haigbti. 

The radiation theory of Hertz shows that the radiated energy of an oscillator may be repre- 
sented by £ = constant (hVA^) 1^, where h is the length of the oscillator, A, the wave-length and 
I the current at its center. For a flat-top antenna £ = 1600 (hV A^) I^ watts ; 1600 hV A^ is called 
the radiation resistance. 

(h = height to center of capacity of conducting system.) 



Wave^^'^^^^^^.s^ 


40 Ft. 


60 Ft. 


80 Ft. 


100 Ft. 


120 Ft. 


160 Ft. 


aooFt. 


300 Ft. 


450 Ft. 


600 Ft. 


xaooFt 


Length A 
























m 


oAm 


akm 


ffkm 


oAm 


.km 


.km 


^ 


.km 


.km 


.ktit 


.km 


200 


6.0 


tt 


24.0 


37-0 


54.0 


95.0 












300 


2.7 


10.6 


16.5 


23.8 


42.4 












400 


0."^ 


3-4 


6.0 


9-3 


6.0 


23.8 












600 


o!84 


27 


4.1 


10.6 


16.4 


37-4 


84.0 


149.0 




800 


0.37 


x-S 


2.3 


3-4 


6.0 


9.2 


21.0 


47.0 


84.0 




1000 


0.24 


0-S4 


0.9c 


1-5 


2.1 


3.8 


6.0 


^3'S 


30.0 


54.0 


215.0 


1200 


0.17 


0.37 


0.66 


1.05 


'•5 


2.6 


41 


9-3 


21.0 


370 


149-0 


1500 


0.1 [ 


0.24 


0.42 


0.66 


0.9s 


17 


2.6 


6.0 


'3-4 


24.0 


95.0 


2000 




0.13 


0.24 


0.37 


0.54 


0.9s 


i-S 


3-4 


l^ 


8.6 


54.0 


2500 






o.is 


0.24 


0.34 


0.61 


0.95 


2.2 


34-0 


3000 






0.1 X 


0.17 


0.24 


0.42 


0.66 


0.84 


34 


6.0 


24.0 


4000 






ao6 


0.09 


013 


0.24 


0.37 


1-9 


3-4 


'3i 


5000 
0000 














0.24 
0.16 


0-53 
0-37 


1.20 
0.84 


2.2 
1-5 


8.6 
6.0 


7000 














ai2 


0.27 


0.61 


I.I 


4-4 



Austin, Joar. Wash. Acad, of Sci. i, p. 190, 1911. 
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The International Atomic Weights are quoted from the report of the International Committee 
« Atomic Weights (Journal American Chemical Society, 37, p. 2449, I9i5)- 

The Electrochemical equivalent of Silver is o.ooi 1 1800 ^ram. sec.-^ amp.-^. (See definition of 
Imenational Ampere, p. xxxv.) The electrochemical equivalent for any element is 



atomic weight 



valency 9^5^ 



gm. sec.-^ amp.-^ (or grams per coulomb). 



Tbe eijmyalent for iodine has been recently (191 3) determined at the Bureau of Standards as 
L3150. The valencies given are only those commonly shown by the elements. 



Alsminuiii 

Asdmofiy 

Aigon 

AlKDlC 

Btfimn 

ffimoth 

^^ — 
ooron 

BftHoine 

Cadmium 






Caldum 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Columbtum 

0>pper 

Dysprosium 

Erbium 

Europium 

Fluorine 

Gadolinium 

(Gallium 

Germanium 



I 



I Gludnam 
Gold 
Helium 
Holmium 
Hydrogen 

Indium 

Iodine 

Iridium 

Iron 

Krypton 

Lanthanum 

Lead 

Lithium 

Lutecium 

Magnesium 

Manganese 



Symbol 



Al 
Sb 
A 
As 

Ba 

Bi 
B 
Br 
Cd 
Cs 

Ca 
C 
Ce 
CI 
Cr 

Co 
Cb 
Cu 

£r 

£u 
F 
Gd 
Ga 
Ge 

Gl 
Au 
He 
Ho 

H 

In 

I 

Ir 
Fe 
Kr 

La 

Pb 

Li 

Lu 

Mg 

Mn 



Relative 

atomic wt. 

Oxygen =16. 






27.1 
120.2 
39.88 
74.96 
137.37 

208.0 
IX.0 

79.92 
112.40 

132-oX 



40.07 

12.005 
140.25 

35-46 

52.0 



58.97 

93-5 

^357 
162.5 

167.7 

152.0 
19.0 

157.3 
699 
725 

9-1 
197.2 

4.00 

163.5 „ 

1.008 

1 1 4.8 
126.92 

193. 1 
55.84 
82.92 

139.0 
207.20 

6.94 
175.0 

24.32 

54.93 



Valency. 



3- 

3.5- 
o. 

3.5- 
2. 

3»5- 

3. 
I. 

2. 

I. 

• 

2. 

4. 

3.4. 
I. 

2,3,6. 

2»3. 

5- 
I, 2. 

3- 
3- 



I. 

3- 
3. 
4. 

2. 

^3- 
o. 

3- 
I. 

3- 
I. 

4. 

2.3- 

o. 

3- 

2, 4. 
1. 

3- 
2. 

2,3. 



Substance. 






Mercurv 

Molybclenum 

Neodymium 

Neon 

Nickel 

[ation) 
Niton (Raeman- 
Nitrogen 
Osmium 
Oxygen 
Palladium 

Phosphorus 

Platinum 

Potassium 

Praseodymium 

Radium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Terbium 

Thallium 

Thorium 

Thulium 

Tin 

Titanium 

Tungsten 

Uranium 

Vanadium 

Xenon 

Ytterbium 

Yttrium 

Zinc 

Zirconium 



Symbol. 



Hg 
Mo 
Nd 

Ne 
Ni 

Nt. 

N 
Os 

O 
Pd 

P 
Pt 
K 
Pr 
Ra 

Rh 
Rb 
Ru 
Sa 
Sc 

Se 
Si 

Ag 

Na 
Sr 

S 

Ta 
Te 
Tb 

Tl 
Th 

Tm 
Sn 
Ti 
W 
U 

V 
Xe 

Yb 
Yt 
Zn 
Zr 



Relative 

atomic wt. 

Oxygen =16. 



20a6 
96.0 

144.3 
20.2 

58.68 

222.0 
14.01 

190.9 
16.00 

106.7 

31-04 
195.2 

39.10 

140.9 

226.0 

102.9 

85.45 
IOI.7 

150.4 
44.1 

79.2 
28.3 
107.88 
23.00 
87.63 

32.06 
181.5 
127.5 
159.2 
204.0 

232.4 

X68.5 
X18.7 
48.1 
184.0 
238.2 

51.0 ' 
130.2 

65.37 

9ao 



Valency. 



If 2. 
4.6. 
3. 

o. 
2.3- 



U 

2. 
2,4. 



3»5. 
2»4. 
I. 

3- 
2. 

3. 
I. 

6,8. 

3. 
3. 

2,4.6. 

4- 
u 
I. 
2. 

2, 4. 6. 

2,4,6. 

3. 

^3- 

4. 

3- 
2,4. 

4. 
6. 
4^6. 

3.5. 
o. 

3- 

3. 
2. 

4. 
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Tables 334, 335. 



CONDUCTIVITY OF ELECTROLYTIC SOLUTIONS. 

This subject has occupied the attention of a considerable number of eminent workers m 
molecular physics, and a few results are here tabulated. It has seemed better to confine th« 
examples to the work of one experimenter, and the tables are quoted from a paper by F. Kohl- 
rausch,* who has been one of the most reliable and successful workers in this field. 

The study of electrolytic conductivity, especially in the case of very dilute solutions, has far- 
nished material for generalizations, which may to some extent help in the formation of a sound 
theory of the mechanism of such conduction. If the solutions are made such that i)er unit 
volume of the solvent medium there are contained amounts of the salt proportional to its electro- 
chemical equivalent, some simple relations become apparent. The solutions used by Kohlraosch 
were therefore made by taking numbers of grams of the pure salts proportional to their elec- 
trochemical equivalent, and using a liter of water as the standard of quantity of the solvent Tsdc 
ing the electrochemical equivalent number as the chemical equivalent or atomic weight divided 
by the valence, and using this number of grams to the liter of water, we get what is called 
the normal or gram molecule per liter solution. In the table, m is used to represent the 
number of gram molecules to the liter of water in the solution for which the conductivities 
are tabulated. The conductivities were obtained by measuring the resistance of a cell filled with 
the solution by means of a Wheatstone bridge alternating current and telephone arrangement. 
The results are for i8° C, and relative to mercury at o° C, the cell having been standarmzed by 
filling with mercury and measuring the resistance. They are supposed to be accurate to within 
one per cent of the true value. 

The tabular numbers were obtained from the measurements in the following manner : — 

Let A'i, = conductivity of the solution at i8® C. relative to mercury at oP C. 

/f*, = conductivity of the solvent water at i8** C. relative to mercury at o° C. 

Then ^j, — ^'t» = ^v = conductivity of the electrolyte in the solution measured. 

-11. = ^ = conductivity of the electrolyte in the solution per moleculei or the "specific 
molecular conductivity." 

TABLB 334. —Valst fli Itu to t tew Blt8tnlyts& 

This short table illustrates the apparent law that the conductivity in very dilute solutions is propoi ti onal to th» 

amount of salt dissolved. 



ns 


KQ 


NaCl 


AgNOg 


KCsHsO, 


K.SO4 


MgSO« 


O.OOOOI 
0.0O0O2 

0.00006 

O.OOOI 


I.2I6 

2.434 
7.272 

12.09 


1.024 
2.os6 
6.162 
10.29 


1.080 

2.146 
6.462 

10.78 


5.610 
9-34 


1.27s 

2.532 
7524 
1249 


1.056 
2.104 
6.216 
10.34 



TABXiS 336.— Elaetro-GliaBloal BqniTalnitB and Vonnal SoliitlflBi. 

The following table of the electro-chemical equivalent numbers and the denrities of ap|ffx»imately normal solutions 
of the salts quoted in Table 271 maybe convenient. They represent grams per cubic centimeter of the solutioo 
at the temperature given. 



Salt dissolved. 


Grams 

per liter. 


m 


Temp. 
C 


Density. 


Salt dissolved. 


Grams 
per liter. 


m 


Temp. 
C. 


Density. 


KCl . . . 


74-59 


I.O 


'5-2 


1.0457 


iKaSO* . 


87.16 


1.0 


18.9 


1.0658 


NH4CI . . 


53-55 
58.50 


1.0009 


18.6 


1. 01 52 


1 NaaSO* . 


71.09 


1.0003 


18.6 


1.0602 


NaCl . . . 


1.0 


18.4 


1. 0391 


Li2S04 . 


5509 
60.17 


1.0007 


18.6 


1.0445 


LiCl . . . 


42.48 


1.0 


18.4 


1.0227 


MgSOi . 


1.0023 


18.6 


'•0573 


iBaCla . . 


104.0 


1.0 


18.6 


1.0888 


; ZnS04 . 


80.58 


1.0 


li.2 


1.0794 


^ZnCIa 


68.0 


I.0I2 


15.0 


1.0592 


1 CUSO4 . 


79-9 


1. 001 


X.0776 


KI . . . . 


165.9 


1.0 


18.6 


I.I183 


KaCOa . 


69.17 


1.0006 


18.3 


1.0576 


KNOg . . 


101.17 


1.0 


18.6 


I.0601 


NaflCOj . 


5304 


1.0 


17.9 
18.8 


I.0517 


NaNOg . . 


85.08 


1.0 


18.7 


1.0542 


KOH . . 


56.27 


1.0025 


1.0477 


AgNOg . . 


169.9 


1.0 


— 


— 


HCl . . 


36.51 


1.004 1 


18.6 


1. 01 61 


iBa(N03)2 . 


65.28 


0-5 




— 


HNOg . . 


49-06 


I.0OI4 


18.6 


I.03I8 


KClOa . . 


61.29 


0-5 


18.3 


1.0367 


iH2S04 . 


1.0006 


18.9 


1.0300 


KCgHgOa . 


98.18 


1.0005 


18.6 


IJO^&J 
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Table 336. ^03 

SPECIFIC MOLECULAR CONDUCTIVITY /a'. MERCURY = 10*. 



It Sa]t<&BolT«d. 


IW=IO 


5 


3 


1 


0.5 


0.1 


.05 


.03 


.01 


P^f^: : : 


^^ 


_ 


^ 


_ 


672 


73^ 


807 
1083 


959 


1098 


- 


- 


827 


919 


958 


1047 


1 107 


"47 


Kl. . . . 


- 


770 


900 


968 


997 


1069 


1 102 


1123 


1 161 


NH4a . 
KNOt . 


- 


752 


82s 
572 


907 

752 


ai8 
839 


1035 
983 


1078 
^037 


IIOI 

1067 


1142 
1122 


IBaClfl . 
KCK>i . 


~ 


— 


487 


658 


725 


861 


904 


939 


1006 


— 


— 


— 


— 


799 


927 


(976) 


1006 


1053 


iBa,N,0. . . 
{C0SO4 . 


— 


- 


- 


- 


^ 


755 


828 


(870) 


95" 


- 


— 


150 


241 


424 


479 


i^) 


^5 


AgNOft ... 


— 


351 


448 


635 


728 


886 


936 


1017 


iZnS04 . 


— 


82 


146 


249 


302 


431 


500 


ii 


685 


MgS04 . 


— 


82 


>5i 


270 


330 


474 


w. 


71S 


NasS04 


— 


- 




475 


559 


l^ 


906 


ZnCls . 


60 


180 


280 


^t 


601 


817 


851 


9' 5 


NaCl . 


- 


398 


528 


757 


865 


897 


(920) 


962 


NaNOs . 


~m 


. 


430 


617 


694 


817 


855 


877 


007 
879 


KCsHsOt 


30 


240 


381 


594 


671 


z!^ 


820 


841 


JNaaCOi 




— 


1560 


427 


1^99 


682 


751 


799 


899 


}HjS04 . 


660 


1270 


1820 


2084 


2343 


2515 


2855 


e,H40 . . . 


0.5 


2.6 


5-2 


12 


19 


43 


62 


79 


132 


HCl ... 


600 


1420 


2010 


2780 


3017 


3244 


3330 


3369 


3416 


HNOt . 


6to 


1470 


2070 


2770 


2991 


3225 


3289 


3328 


3395 


tH,P04 . . . 
KOH 


148 


160 


170 


200 


250 


1986 


540 


620 


790 


423 


990 


I3I4 


1718 


1841 


2045 


2078 


2124 


NHs 


0.5 


2.4 


3-3 


8.4 


12 


3' 


43 


50 


92 


Salt disaoWed. 


.006 


.00a 


.001 


•0006 


.000a 


.0001 


.00006 


.00002 


•00001 


JK2SO4 . 

KCl ... 


1 130 


1181 


1207 


1220 


1 241 


1249 


1254 


1266 


»275 
1210 


1162 


1 185 


"93 


"99 


1209 


1209 


1212 


1217 


KI . 


1 176 


1 107 
life 


1203 


1209 


1214 


1216 


1216 


1216 


1207 


NH4a . 


"57 


1190 
1 180 


"97 


1204 


1209 


1215 


1209 


1205 


KNOs . 


1 140 


"^^73 


1190 


"99 


1207 


1220 


1198 


1215 


IBaCls . 

kciOt . 


• 

1031 
1068 


1074 


1092 


1 102 


1 1 18 


1 126 


^^33 
1 1 26 


"44 


1142 


1091 


IIOI 


1 109 


1 1 19 


1122 


"35 


1 141 


4Ba,N,Oe . . 
}CuS04 . 


982 


^033 


1054 


1066 


1084 


1096 


IIOO 


1114 


1114 


740 


873 


950 


987 


1039 


1062 


1074 


1084 


1086 


AgNO, . . . 


1033 


1057 


106S 


1069 


1077 


1078 


1077 


1073 


1080 


lZnS04 . 


744 


861 


919 


953 


lOOI 


1023 


1032 


1047 


1060 


MgS04 . 


773 


881 


935 


967 


1015 
1026 


1034 


1036 


1052 


1056 


i Na,S04 


933 


980 


998 


1009 


1034 


1038 


1056 


105^ 
1036 


ZnCli . 


939 


979 


994 


1004 


1020 


1029 


1031 


1035 
1028 


NaCl . 


976 


998 


1008 


1014 


1018 


1029 


1027 


1024 


NaNO, . 


921 


942 


952 


956 


966 


975 


970 


972 


975 


KCjHsOa 


891 


913 


919 


923 
1046 


^ 


934 


935 


943 


939 


JNasCOs 
{H,S04 . 


956 


lOIO 


1037 


874 


790 


715 


697* 


3001 


3240 


3316 


3342 


3280 


3118 


2927 


2077 


1413* 


CH4O . 


170 


283 


380 


470 


796 


995 


"33 


1328 


1304* 


HCl ... 


3438 


3455 
3448 


3455 


3440 


3340 


3^70 


2968 


2057 


1 254* 


HNOt . . . 


^i^i 


3^;Z 


3408 


3285 


3088 


2863 
746 


1904 


"44* 


iHtP04 . . . 
KOH . 


858 


945 


968 


977 


920 
1892 


1689 


497 


402* 


2141 


2140 


2110 


2074 


1474 


845 


747* 


NHt 


116 


190 


260 


330 


500 


610 


690 


700 


56o» 



9mmmoHtAm Tablkw. 



* Adds «nd aUcaline salts show peculiar VrTtCQkaa:\l\tA. 
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Tables 337,338. 



LIMITING VALUES OF /i. TEMPERATURE COEFFICIENTS. 

TABLB S37. - UndUag ValttM «f |&. 

This taUe ahowt limiting values of fi = — .10* for infinite dilatioo for neatnd salts, calcniatfd from Tkble 9fu 



Salt. 


1^ 


Salt. 


/» 


Salt. 


/ft 


Salt. 


i» 


iK,S04 . 
KCI. . . 
KI . . . 
NH4CI. . 
KNOt . . 

» 


1280 
1220 
1220 
1210 
121O 


iBaCU . 
iKClOj . 
iBaNsOe . 
iCuS04 . 
AgNOs . 
iZnS04 . 


1 150 
1 150 
1 120 

IIOO 

1090 
1080 


iMgS04 . 
iNa,S04 . 
iZnCl . . 
NaCl . . 
NaNOs . 
KsCHsO, 


1080 
1060 
1040 
1030 
980 
940 


iH2S04 . 

HCI . . 
HNOt. . 
JH8PO4 . 
KOH . . 

iNajCOt . 


3700 
3500 
3500 

IIOO 

2200 
1400 


If the quantities in Table 336 be represented by curves, it appears that the values of the 
specific molecular conductivities tend toward a limiting value as the solution is made 
more and more dilute. Although these values are of the same order of magnitude, they 
are not equal, but depend on the nature of both the ions forming the electrolyte. 

When ttie numbers in Table 237 ^re multiplied by Hittorfs constant, or o.oooii, quan- 
tities ranging between 0.14 and o.io are obtained which represent the velocities in milli- 
metres per second of the ions when the electromotive force gradient is one volt per 
millimetre. 

Specific molecular conductivities in general l>ecome less as the concentration is in- 
creased, which may be due to mutual interference. The decrease is not the same for 
different salts, but becomes much more rapid in salts of high valence. 

Salts having acid or alkaline reactions show marked differences. They have small 
specific molecular conductivity in very dilute solutions, but as the concentration is in- 
creased the conductivity rises, reaches a maximum and again falls off. Kohlrausch does 
not believe that this can be explained by impurities. H8r04 in dilute solution seems to 
approach a monobasic acid, while H2SO4 shows two maxima, and like HSPO4 approaches 
in very weak solution to a monobasic acid. 

Kohlrausch concludes that the law of independent migration of the ions in media like 
water is sustained. 



TABLB S3S. — ToBptrttart OotffloltBti. 

The temperature coefficient in general diminishes with dilution, and for very dOnte stations appears to approach i 
common value. The following table gives the temperature coefficient for solutions containing 0.01 gram mole 
cule of the salt. 



Salt. 



£ 



KCI . . . 

NH4CI . . 

NaCl . . 

LiCl . • . 

iBaClt . . 

iZnCls . . 
iMgCk 



1 



Tem 
Coe 



t 



0.0221 
0.0226 
0.0238 
0.0232 
0.0234 
0.0239 
0.0241 



Salt. 



KI . . . 
KNOt . . 
NaNOt. . 
AgNOt. . 
iBa(NOt)a 
KClOt . . 
KCsHtO) . 



Temp. 
Coe 



t 



\ 



0.0219 
0.0216 
0.0226 
0.0221 
0.0224 
0.0219 
0.0229 



Salt. 



iKaS04 . 
iNasS04 . 
iLi8S04 . 
iMgS04 . 
iZnSOt . 
iCuS04 . 



Temp. 
Coe 



'I: 



0.0223 
0.0240 
0.0242 
ao236 
0.0234 
0.0229 



Salt 



iKsCOt . 
iNaiCOt . 



KOH . 
HCI . 
HNOt . 
iH,S04 



iHtS04 
form 



.001 



Tempw 
Coeff. 



0.0249 
0.0265 



0.0194 
0.01 S9 
0.0162 
0.0125 



0.0159 



\ 



BmiTHmoNiAtt Tabuo. 



Table 339. 305 

THE EQUIVALENT CONDUCTIVITY OF SALTSi ACIDS AND BASE8 IN 

AQUEOUS SOLUTIONS. 

In the following table the equivalent conductance is expressed in reciprocal uhms. The con- 
centration is expressed in milli-equivalents of solute per litre of solution at the temperature to which 
the conductance refers. (In the cases of potassium hydrogen sulphate and phosphoric acid the 
concentration is expressed in mi lli-formula- weights of solute, KHSOi or HgPOi, per liter of solu- 
tion, and th^ values are correspondingly the modal, or *' formal/' conductances.) Except in the 
cases of the strong acids the conductance of the water was subtracted, and for sodium acetate, 
ammonium acetate and ammonium chloride the values have been corrected for the hydrolysis of 
the salts. The atomic weights used were those of the International Commission for 1905, referred 
to oxygen as idea Temperatures are on the hydrogen gas scale. 

Concentration in gram equivalents. 

1000 liter 

^ . , . reciprocal ohms per centimeter cube 

Equivalent conductance m — ; — -. — - — r; t. — z — • 

^ gram equivalents per cubic centimeter 










EqiuTalent conductance at the following ^ C temperatures. 




^ n Wfttsi n^ii 
























18O 


^^ 


9fi 


75° 


xooP 

414 


1280 


«56° 


3180 


aSiO 


J060 


Potassium chloride . 


I30.I 


(152.1) 


(232.5) 


(321.5) 


(519) 


S 


82s 


1005 


1120 


t« tt 


2 


126.3 


146.4 


- 




393 


- 


779 


930 
874 


1008 


U •! 


10 


122.4 


I41.5 


215.2 


295.2 


377 


470 


s^ 


l^l 


910 


t$ It 


80 


"3-5 


— 


— 


- 


342 


- 


498 


638 


723 


720 


U M 


100 


II 2.0 


129.0 


1945 


264.6 


336 
362 

349 


415 


490 








Sodium chloride . . 




2 


109.0 
105.6 


■" 


^ 


K 




555 
534 


760 
722 


070 

§95 


1080 


« it \ ^ 


ID 


102.0 




— 


— 


32f> 


- 


5" 


68s 


820 


U tt ^ ^ 


80 


93 5 


- 


- 


- 


301 


- 


450 


500 


674 


680 


U tt 


100 


92.0 


- 


— 




296 


- 


442 








Silver nitrate . . . 





115.8 


- 


- 




367 


- 


570 


780 


965 


1065 


•( (t 


2 


112.2 


- 


- 


- 


353 


- 


539 


727 


8/7 


235 


ft tt 


10 


108.0 


— 


— 


— 


337 


- 


507 


673 


790 


818 


U tt 


20 


1 05. 1 


- 


- 


- 


326 


- 


488 


639 






u «( 


40 


101.3 


— 


- 


- 


3«2 


- 


462 


599 


680 


680 


U il 


80 


96.S 


- 


— 


- 


204 


- 


432 


552 


614 


604 


•< «« 


100 


94.6 


— 


— 


— 


289 












Sodium acetate . . 
** ** . . 




2 


78.1 
74.S 


^ 


^ 


■* 


^ 


_ 


450 

421 


660 

578 


^ 


t\ 


« «< 


JO 


71.2 


- 


— 


— 


253 


- 


396 


542 


— 


702 


M •< 
Magnesium sulphate 


80 




634 
114.1 


«. 


. 


. 


221 
426 


— 


^ 


1080 






«< u 


2 


94.3 


~ 


- 


- 


302 


— 


377 


260 






M M 


10 


76.1 


- 


- 


- 


234 


- 


241 


M3 






M <* 


20 


67.5 


- 


— 


— 


190 


— 


'95 
158 


no 






a M 


40 


59-3 


- 


— 


- 


160 


- 


88 






M it 


80 


52.0 


— 


- 


— 


136 


— 


126 


75 




. 


U tt 


100 


49.8 


— 


- 


- 


130 


— 








tt U 

Ammonium chloride 


200 



431 
131. 1 


152.0 


^ 


. 


no 

(415) 


.. 


(628) 


(841) 


. 


(1 176) 


tt 11 


2 


126.5 


146.5 


- 


— 


399 


- 


601 


801 


- 


1031 


M a 

<« M 


10 
30 


122.5 
fi8.i 


141.7 


^ 


^ 


382 


^ 


573 


758 


^ 


VA 


Ammonium acetate . 





(99.8) 




- 


- 


(338) 


- 


(523) 
456 




. 




a a 


10 


\lk\ 


— 


— 


- 


300 


— 








M u 


25 


■ 


" 




286 




426 









FitMtt the investigatioDa of Noyes* Melcber, Cooper, Eastman and Kato } Joamal of the American Chemical Sodety, 

30f P- J35» «9oS. 
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ACIDS AND BASES I 



Tablk 340. 
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THE EQUIVALENT CONDUCTIVITY OF 80ME ADDITIONAL 8ALT8 IN 

AQUEOUS SOLUTION. 

Conditions similar to those of the preceding table except that the atomic weights for 1908 were used. 







/ • ^.^^ 


1 

£qiiivaleDt conductance at the following ° C 


temperature. || 




Siabstance. 


Conoeii- 












tntioD. 


oP 


i8P 


*5« 


yfi 


7S° 


100° 


lafto 


1560 




Potassium nitrate . . . 





80.8 


126.3 


145.1 


219 


299 


384 


485 


580 




M U 






2 


78.6 


122.5 


140.7 


212.7 


289.9 


370.3 


460.7 


551 




«4 U 






12.5 


75-3 


1 1 7.2 


134-9 


202.9 


2764 


35J-5 


435-4 


5204 




M M 






50 


70.7 


109.7 


126.3 


189.5 


257-4 


326.1 


402.9 


476.1 




M «4 

Potassium oxalate 






100 



67.2 
79-4 


104.5 
127.6 


I2a3 
147-5 


i8o.2 

230 


244.1 
322 


308.5 
419 


379.5 
489.1 


447-3 




M M 






2 


74.9 


1 19.9 


139-2 


215.9 


300.2 


3893 




M M 






12.5 


69.3 


III. I 


129.2 


^99-i 


275.1 


354-1 


438.8 
383.8 


524.3 




M M 






50 


63 


lOI 


116.5 


178.6 


244.9 


^ir^ 


449.5 




<• a 






100 


59-3 
55-8 


94.6 
88.4 


109.5 


167 


227.5 


288.9 


353-2 


409.7 




(C •< 






200 


102.3 


'55 


210.9 


265.1 


321.9 


372.1 




Calcium nitrate 









70.4 


1 1 2.7 


130.6 


202 


282 


369 


^74 


575 




M M 






2 


66.5 
61.6 


IO7.I 


123-7 


191.9 


266.7 


346.5 
314.6 


438.4 


529.8 




U M 






12.5 


98.6 


1 14.5 
102.6 


176.2 


244 


394-5 


473-7 




14 <4 






50 


55-6 


88.6 


157.2 


216.2 


276.8 


343 


405.1 




« ti 






100 


Si-9 


82.6 


9^.8 


146.1 


'99-9 


255-5 


'^■' 


369-1 




M M 






200 


48.3 


76.7 


88.8 


*35'^ 


184.7 


234.4 


334-7 




Potassium ferrocyanide . 





98.4 


159.6 


185.5 


2H 


403 


527 








** i« 


0.5 


91.6 
84.8 


— 


171. 1 














M «« 


2. 


137 


158.9 


243.8 


335-2 


427.6 








M « 


12.5 


71 


"3-4 


^31-5 


200.3 


271 


340 








M « 


50 


58.2 


93-7 


108.6 


163.3 


219.5 


272.4 








M a 


100 


48.8 


84.9 
77.8 


98.4 


148. 1 


198.1 


245 








U M 


200 


00.1 135.7 


180.6 


222.3 








M M 


400 


45-4 


72.1 


83.3 


124.8 


165.7 


203.1 








Barium ferrocyanide . . 





9J 


150 


176 


277 


m.. 


521 








U *( 




2 


46.9 


48.8 


86.2 


127.5 


202.3 
129.8 








M C« 




".5 


30.4 


56^5 


83.1 


'27 








Calcium ferrocyanide 







88 


146 


^V 


271 


386 


512 








u u 




2 


47.1 


75-5 


86.2 


130 












M i( 




12.5 


31.2 


49.9 


57-4 














M M 




50 


24.1 


38-5 


44.4 


64.6 


81.9 










M t( 




100 


21.9 


35-1 


40.2 


58-4 


m 


84.3 












200 


20.0 


329 


37-8 


55 


77.5 








M • n 




400 


20.2 


32.2 


37-1 


54 


67.5 


76.2 








Potassium citrate . . 







76.4 


124.6 


144.5 


228 


320 


420 








U II 






0.5 


- 


120.1 


1394 














l« <« 






2 


71 


115.4 


134.5 


210.1 


293.8 


381.2 








M M 






5 


67.6 


109.9 


128.2 


198.7 


276.5 


357-2 








« a 






12.S 


62.9 


101.8 


1 18.7 


183.6 


254.2 


326 








M M 






50 


54.4 


87.8 


102. 1 


1575 


215.5 


273 








M M 






100 


50.2 


80.8 


93-9 


143-7 


196.5 


247-5 








M 44 






300 


435 


69.8 


81 


123-5 


167 


209.5 








Lanthanum nitrate . 







75-4 
68.9 


122.7 


142.6 


223 


3'3„ 


413 


534 


651 




U l( 




2 


II 0.8 


128.9 


200.5 


279.8 


363-5 


457-5 
383.4 


549^ 




u <« 




12.5 


61.4 


25-5 


1 14.4 


176.7 


243-4 


311.2 


447-8 




M «« 




SO 


54 


86.1 


99-Z 
91.8 


152.5 


207.6 


261.4 


315-8 


357.7 




U U 




100 


49-9 


79-4 


'39-5 


189.1 


236.7 


282.5 


316.3 




• • 


200 


46 


72.1 


83.5 


126.4 


170.2 


2T0.8 


249.6 


276.2 

1 



From the investigations of Noyes and Johnston, Joomal of the American Chemical Society, 31, p. 287, 1909. 
Shitmsonian Tables. 
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308 Tables 341 « 342. 

CONDUCTANCE OF IONS. - HYDROLYSIS OF AMMONIUM ACETATE. 

TABIiB 341.— Th« BavlTalMit OoBdmotaaM «f tlM Bfpanto InuL 



Ion. 


oo 


180 


a5« 


50O 


75° 


looo 


ij80 


isHfi 


K 


404 


64.6 


74.5 


'15 


159 


206 


263 


317 


Na 


26 


43.5 


50.9 


82 


116 


>ss 


203 


249 


NH4 


40.2 


64.5 


74-5 


"5 


159 


207 


264 


3"9 


!&:::::: 


32.9 


54-3 


63.5 


lOI 


143 


188 


245 


299 


33 


55; 


^5 


'^ 


149 


200 


262 


32a 


♦?a 


30 


k' 


60 


142 


191 


252 


3i2 


fLa 


35 


Si 


72 


119 


>73 


235 


3'2 


388 


CI 


41.1 


65.5 


70.0 


116 


160 


207 


264 


318 


NOs 


40.4 


61.7 


104 


140 


178 


222 


263 


CsHgOa .... 


20.3 


^' 


40.8 


67 


96 


»30 


171 


211 


*S04 


41 


79 


125 


177 


234 


303 


370 


|c,Oi 


39 


63« 


73 


"5 


163 


213 


275 


Mf> 


fCeHsOr .... 


36 


60 


70 


113 


161 


214 






jFe(CN)e. . . . 


58 


95 


III 


»73 


244 


321 






H 


240 


3'4 


350 


46s 


565 


644 


722 


777 


OH 


105 


172 


192 


284 


.3to 


439 


525 


592 



From JohnioD, Joum. Amer. Cbem. Soc., 31, p. xoio, 1909. 



VABLB MS.— EytfnlTili «f iwiBimlMi Aottartt tmd ToitMtlm «f Walv. 



TMupttRtim. 


Percentace 
hydroljM. 


loniadoD constant 
of water. 


Hydrogen^ion concen- 
tration in pure water. 
Equivalents per liter. 




i 


xopn 


KwXioM 


ChXio' 






18 

25 
100 

156 

218 

306 


(a35) 

4JJ 
18.6 

527 
91.5 


0.089 
046 
0.82 
48. 

223. 

461. 

168. 


0.30 

0.68 

0.91 

6.9 

M.9 
21.5 

13.0 





Noyes, Kato, Kanolt, Seaman, No. 63 PabL Carnegie Inst., Washington. 
IAN Tablks. 



Tablks 343, 344. 309 

DIELECTRIC CONSTANTS. 

flBLB 34S.-DlrtMtilo (kauHaat (Spadilo bteottft Ontelty) €f Otm. 

AtBMvylMiio PvtMitrt. 

Wave-lengths of the measuring current greater than loooo cm. 



Temp, 
oc. 



Air 

Ammonia ...... 

Carbon bisulphide . . . 

«... 

Carbon dioude .... 
(( « 

Carbon monoxide .... 
«< (I 

Ethylene 

Hydrochloric add . . . 
Hydrogen 

u 

Methane 

Nitrous oxide (N3O) . . 

M a «* 

... 

Sulphur dioxide .... 
Water vapor, 4 atmospheres 



20 

o 
100 

o 
o 

o 
o 

o 
o 

100 

o 
o 

o 
o 

o 
o 

o 
o 

145 



Dielectric constant 
referred to 



Vacuum— I 



.000590 
.000586 

.00718 

.00290 
.00239 

.000946 
.000985 

.000690 
.000695 

.00131 
.00146 

.00258 

.000264 
.000264 

.000944 

•000953 

.00116 
.00099 

•00993 
.00905 

1.00705 



Air—x 



1. 000000 
1.000000 

1.00659 

1. 0023 1 
1. 00180 

1.000356 
1.000399 

I.000I00 

ixxx)io9 

1.00072 
1.00087 

I.OOI99 

0.999674 
0.999678 

1.000354 

1.000307 

1.00057 
1. 00041 



I. 



46 



1.00646 



Authority. 



Boltzmann, 1875. 
KlemenCie, 1885. 

Badeker, 1901. 

KlemenCi& 
Badeker. 

Boltzmann. 
KlemenCiC 

Boltzmann. 
KlemenCiC 

Boltzmann. 
KlemenCi^;. 

Badeker. 

Boltzmann. 
KlemenCiC. 

Boltzmann. 
KlementiC 

Boltzmann. 
KlemenCiC 

Badeker. 
KlemenCiC. 

B'ddeker. 



TABU! 844. — Vtrlatloii ef tlis Dltltotrlo Oonstant with tlia Ttmpnatars. 

For variation with the pressure see next table. 

If D0 = the dielectric constant at the temperature 9° C, Z>/ at the tempenu 
ture f* C, and a and are quantities given in the following table, then 

/># = Z?/ [i — a(/— «) + iB(/— «)^]. 
The temperature coefficients are due to Badeker. 



Gas. 


a 


fi 


Range of 
temp. ° C. 


Ammonia . . 


5.45 X io-» 


2.59 X 10-' 


10 — 110 


Sulphur dioxide 


6.i9Xior» 


1.86X10-T 


— IIO 


Water vapor . 


1.4X10-* 


- 


MS 



The dielectric constant of air at atmospheric pressure but with varying tem* 
perature may also be calculated from the fact that jP — i is approximately pro- 
portional to the density. 
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Taslcs 845, 346. 
DIELECTRIC CONSTANTS {cmiimud^ 

flBU M5.-0kiiigt «l th« DMUoMs OoBitiBt «l Omm with th« 






Goa. 



Air 



<t 

M 
it 

M 
M 
« 
It 

a 

Cl 

«< 
«< 
(I 



Carbon dioxide . . 

(t u 

a 4« 

Nitrous oxide, N^O 



14 



«( 



t( 



(I 



Temper- 
ature,<> C. 



Preaaure 
atmoa. 



19 


20 




40 


— 


60 


— 


80 


- 


100 


II 


20 


"" 


Z 


" 


80 


- 


100 


- 


120 


- 


140 


-. 


160 


- 


180 


IS 


10 


- 


20 


- 


40 


>5 


10 


- 


20 


- 


40 



Dielectric 
conatant. 



.0108 
.0218 
.0330 

.0439 
.0548 

X)IOI 

.0196 

.0294 

.0387 

.0482 

•0579 
.0674 

.0760 

.0845 

.008 

.020 

.060 

.010 

.025 

x>70 



Authority. 



Tangl, 1907. 



M 



•i 



(• 



Occbialini, 1905. 



M 
« 
14 
M 
M 
« 
If 



«« 
M 
41 
44 
44 
M 
M 
44 



linde, 1895. 

44 M 

44 U 

(1 
U 
« 



VABLB Sia.~]M«lMtilo Oonstuti of LivOOiu 

A wave-length greater than loooo centimeters is denoted by 00 . 



Suhatanoe. 


Temp. 


Wave- 
length, 
cm. 


Dielectric 
conatant. 


Author- 
ity. 


1 

Subatance. 


Temp. 
OC. 


Wave- 
length, 
cm. 


Dielectric 
constant. 


Author- 1 

ity. 1 


Alcohol : 






• 


Alcohol : 








Amyl 


• • • 


frozen 


QO 


2.4 


I 


Methyl . . 


-50 


00 


45-3 


I 


«i 






— 100 


11 


30.1 


I 


11 







11 


35-0 


I 


44 






—50 


44 


23.0 


I 


44 

. 1 




-|-20 


44 


3»-2 


1 


44 









14 


17.4 


I 


44 

■ a 




17 


75 


33-2 
46.2 


2 


14 






+ 20 


11 


16.0 


I 


Propyl 




—120 


00 


I 


44 






18 


200 


10.8 


2 


14 

• 




—60 


44 


33-7 


I 


41 






18 


73 


4-7 


2 


• 







44 


24.8 


I 


Ethyl 






froxen 


00 


H 


I 


• 




.f20 


41 


22.2 


I 


41 






— 120 


It 


54.6 


I 


• 




15 


75 


id 

21.85 


2 


44 






—80 


14 


44.3 


I 


Acetone . 




'-^ 


00 


5 


44 
44 






—40 



44 
(1 


35-3 
28.4 


I 

I 


41 

• < 

It 

• 






15 


44 

1200 


1 


44 






+20 


41 


25.8 


I 


4f 

• 




17 


73 


2a7 


I 


44 






17 


200 


24.4 


2 


' Acetic acid 




18 


00 


9-7 


44 






11 


75 


230 


2 


It It 




15 


1200 


10.3 


6 


44 






44 


53 


20.6 


3 


44 11 




17 


200 


707 


2 


44 






41 


4 


8.8 


3 


14 14 




19 


75 


6.29 


2 


4( 






44 


0.4 


5.0 


4 


Amyl acetate . 


»9 


00 


4^1 


9 


Methyl . 




frosen 


00 


3.07 


I 


1 Amylene . . 


16 


44 


2.20 


10 


44 

• • 




— 100 


M 


58.0 


I 


1 

1 

1 
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DIELECTRIC CONSTANTS OF LIQUIDS. 

A wave-length greater than loooo centimeters is designated by oo . 



<j^lfTfftl**C*i 


Tempw 


Wave- 
length 


k 1 

Diel. |^ = 
const. B^s 1 


SubsuuKC , "^i^ 


Wave- 
lencth 


coau. P.S 1 


s 




cm. 




< 1 

1 






cm. 




< 












(froseu) 






1 


Anilin 


18 


00 


7.316 II 1 


Niirobenzol . 


. . — 10 . 


00 


9-9 


I : 


Benzol (benzene) . 


18 


•« 


2.288 •* 1 


• — S 


•« 


42.0 


w 


M <« 


19 


11 


2.26 3 


u 


. . ' 


44 


41.0 


44 


Bromine .... 


23 


3.18 12 


44 


. . +15 


44 


37.8 


«« 


Carbon bisulphide 


20 


00 


2.626 13 


M 


. . 30 


44 


35.1 


M 

1 


•• ** 


:§ 


73 


2.64 , 2 


M 


. . . 18 


44 


36.45 II 


Chloroform . . . 


00 


5.2 .11 


M 


• .' 17 


73 


34.0 2 


«< 


17 


73 


4-95 i 2 


Octane . . 




17 


QO 


1.949 16 


Decane .... 


14 


00 


1.97 


10 


Oils: 












Decylene . . . 


'7 


M 


2.24 


44 


Almond 




20 


QO 


2.83 


18 


Ethyl ether . . 


—80 


00 


705 


5 


Castor . . 




II 


41 


4.67 


«9 


** •* . 


—40 


u 


5,67 


•• Colza . , 




20 


44 


3-11 


20 


MM 





«« 


4.68 


•• 


Cottonseec 


i ! ! 


'4 


44 


3.10 j 21 


U "... 


18 


«i 


4.368' II 


Lemon . , 




21 


44 


2.25 22 


M ** . . . 


20 


« 


4.30 «3 


Linseed 




13 


44 


3-35 21 


<« •* . , . 


60 


M 


305 


•r 


Neatsfoot . 






44 


3.02 20 


U M 


100 


M 


3>2 


4« 


Olive . . 




20 


44 


311 


23 


M •* , . . 


140 


<« 


2.66 


M 


Peanut . . 




1 1.4 


44 


303 


21 


M M ^ ^ ^ 


180 


U 


2.12 


44 


Petroleum 




— 


2000 


2.13 


24 




Crit. 








Petroleum 


ether 


20 


00 


1.92 


20 


M M 


temp. 


* « 


V ^ ^ 


(4 


Rape seed 




16 


«t 


2.8$ 


21 




192 




'53 




Sesame 




134 


.4 


3.02 


44 


M M 


18 


83 


4.35 


14 


Sperm . 




20 


4t 


3.17 


20 


Formic acid . . 


+2 
(frosen) 


73 


19.0 


2 


Turpentin< 




20 


44 


2.23 


44 


M U ^ ^ ^ 
M U 

Glycerine . . . 
<« 


1200 

73 
1200 

200 


62.0 

56.2 
39.1 


6 

2 
6 
2 


Vaseline 

Phenol . 

Toluol 
44 




48 


4< 

73 
00 
44 


9!^ 
2.51 

2-33 


25 

2 

5 


u 


>5 


11 

0.4 


•J7 

25-4 

n 


44 

15 

4 


•4 

Meta-xylol 

44 U 




17 


73 

00 

73 


2.37* 
2.37 


2 
II 

2 


Hezane .... 

Hydrogen perox- 
ide 46% in HsO 


t ■« 


mrx 


1.880 
84.7 


16 
17 














'7 
18 


00 

75 


Water . 
for temp, c 


• • • 

:oeff. 


18 
17 


00 
200 


81.07 
80.6 


II 

2 












see Table 


344- 


17 
17 


^3^ 


81.7 
83.6 


44 

•4 


1 Abeffg-Seitz, 18 

2 Drude, 18061 

3 Marx. 1898. 


99- 


10 Landolt-Jahn 


, X892. 


18 Hasenahi 


^1,1896 


■ 




II Turner, 1900. 




19 Arons-Ru 


ibens, I 


892. 




12 Schlundt. 




20 Hopkinso 


•n, 1881 


• 


4 Lampa, 1896. 




13 Tangl. 1903. 




21 Salvioni, 1 


r888. 




5 Abe^, 1807. 
Thwing, 1804. 




14 Coolidge, 189 


> 


22 Tomasze^ 


vski, i£ 


»8. 




15 V. Lang, i89d 




23 Heinke, i 


896. 




7 Drude, 1890. 




10 Nemst, 1894. 




24 Marx. 






8 Francke, 1893. 




17 Calvert, 1900. 




25 Fuchs. 






9 Lowe, 1898. 
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Tables 347, 348. 
DIELECTRIC CONSTANTS OF LIQUIDS {cmtimmuty. 
TABLB S47.— TmptntaftOMtftointiof tbaFmiilA: 



Subsunoe. 


ft 


/» 


Tem& 
range, o C 


t 

Authority. 


Amyl acetate . . . 
Aniline 


0.0024 


^ 


_ 


Lowe. 


0.00351 


- 


- 


Rats. 


Benzol 


0.00106 


0.0000087 


10-40 


Hasenohrl. 


Carbon bisulphide . 


0.000966 


— 


— 


Katx. 


U 4« 


0.000922 


0.00000060 


20-181 


Tangl. 


Chloroform . . . 


0.00410 


0.000015 


22-181 


(4 


Ethyl ether . . 




0.00459 


- 


— 


Ratz. 


Methyl alcohol . 




0.0057 


- 


- 


Drude. 


Oils: Almond . 




0.00163 


0.000026 


.. 


Hasenohrl. 


Castor . . 




0.01067 


- 


— 


Heinke, 1896. 


Olive . . 




0.00364 


- 


— 


<4 «4 


Paraffine 




0.000738 


0.0000072 


— 


Hasenohrl. 


Toluol .... 




0.000921 


— 


^'3 

20-l8l 


Ratz. 


• • . 




0.000977 


0.00000046 


Tangl. 


Water . . . 




0.004474 


— 


5-20 


Heerwagen. 


41 

• • . 




0.004583 


0.00001 17 


0-76 


Drude. 


... 

Meta-zylol 




0.004^6 
0.000817 


- 


20-181 

M. 


Coolidge, 
Tangl. 



(Sec Table 344 for the lignification of the letters.) 



TABLB 348.- DlaUoMo Oanftuti Of LlvUfied OtMi. 
A wave-length greater than loooo centimeters is designated by oo. 



Subatance. 


Temp. 


QO 

75 
75 


Dial, 
constant. 


'% 

■5 

a 

I 
2 


Subatance. 


Temp. 
OC 


i6 

00 


Dial 
cooataat. 


I" 
8 


Air 


—191 

41 


1.439 

1. 47- 1. 50 

21-23 


Nitrous oxide 

N2O 


—88 


>.93i 

1.630 


44 


Ammonia . . . 


—34 


3 


44 44 


—5 


44 


I 


i4 

... 


14 


130 


16.2 


4 


44 44 


+5 


44 


»-578 


Carbon dioxide . 


—5 


QO 


I.60B 


5 


44 44 


+ '5 


44 


1.520 


•• 


44 44 





4t 


1.588 


(( 


Oxygen . . . 


—182 


44 


1.491 


1 


*4 44 


■fio 


4< 


1.540 


44 


44 

... 


41 


44 


1.465 


44 (4 


-fiS 


44 


i.52« 


44 


Sulphur dioxide . 


M.5 


120 


»375 


% 


Chlorine . . . 


—60 


44 


2.150 


44 


44 4t 


20 


00 


14.0 


44 
U 




—20 



44 
44 


2.030 
1.970 


44 
44 


44 44 

• 

a 44 


40 
60 


44 


"•5 
10.8 


M 
44 


44 

44 




+10 



44 
44 


1.940 
2.08 


44 

6 


44 44 
44 44 


80 
100 


44 
44 


7.8 


<4 
4« 


14 




+14 


100 


1.88 


4 


44 44 


120 


44 


M 


44 


Cvanogen . . 




23 


84 


2.52 


7 


44 H 


140 


44 


4.8 


44 


Hydrocyanic acid 


21 


44 


about 95 


" 


Critical. . . . 


154.2 


44 


2.1 


44 


Hydrogen sulph. 


10 


QO 


5-93 


6 












44 44 

• 


50 


44 


4.93 


44 












M M 

• 


90 


41 


3.76 


M 








• 




I V. Pirani, 1903. 


4 ^ 


Ooolidge, 1899. J 
Linde, 1895. 8 


y Schlundty I 


^i. 




2 Bahn-Kiebitz, 1904. 


» h 


; Hasenohrl, 


1900. 




3 Goodwin-Thompson, 189 


Eversheim, 1904. 9 


1 Fleming-D< 


swar, 1896. 
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TABLB 340. — StaaJirt BolMtlaBi ftr tlM Oallteitton ct AyymitM te XkM Mtoailiig d Pmeottte Ckaitmti. 



Turner. 


Dmde. 


Nemst. 


Substance. 


Dial, const. 
»t 18°. 

A-QO. 


Acetone in beasol at 19^. A ■■ 75 cm. 


Ethyl alcohol in 

water at 19.5°. 

Am 00. 


Per cent 

by weight. 


Density 16O. 


Dielectric 
constant. 


Temp, 
coefficient. 


Benzol 

Meu-zylol .... 
Ethyl ether .... 

Aniline 

Eth^l chloride . . . 
O-nitro toluol . . . 
Nitrobenzol .... 
Water (condoct lO"*) 


2.288 

4.36^ 
7.29P 

10.90 

27.71 

;64S 
81.07 


Per cent 
by weight. 


Dielectric 



20 
40 
60 
80 
100 


0.885 
0.866 

0.847 
0.830 
0.813 

0.797 


2.26 
I2.I 

16.2 

20.5 


0.1% 
0.3 

a4 
0.5 

0.6 


100 

70 
60 


26bO 
29-3 

33-5 

38.0 

43-1 


• 


Water in acetone at 19°. A "■ 75 cm. 


1 







20 

80 
100 


0.856 
0.903 
0.940 

0-973 
0.999 


20.5 

31.5 

43.5 
57.0 

7a6 
80.9 


0.6% 

0.5 

0.5 

0.5 
o-S 
0.4 







TABLB 860. — DMMtrle OonitiAtB «f a«Udi. 



Substance. 



Asphalt 
Barium sul 

phate 
Caoutchouc 
Diamond . 

M 

Ebonite . 



Glass* 

Flint (extra 
heavy) 

Flint (very 
light) . 

Hard crown 

Mirror . 

M 
M 

Lead (Pow- 

eU). . 
Jena 
Boron 
Barium 
Borosili- 
cate 
Gutta percha 

Ice • . • 

M 

. . • 



Condi- 
tion. 



Density. 

4-5 

2.87 
2.48 



30-3.5 



Temp. 
—190 



Wave- 
length, 
cm. 



00 

75 

00 
u 

75 

00 
(I 

1000 



00 

« 

«( 

H 
M 

600 

00 

M 

u 
(« 



1200 
5000 

75 



Dielectric 

constant. 



2.68 

10.2 
2.22 
16.5 

5-50 
2.72 

2.86 
2.5s 



9.90 

6.61 

6.96 

6.44-746 

5.37-5.90 
5.42-0.20 

5.4-8.0 

7.8-8*5 

6.4-7.7 
3.3-4.9 

2.8j 

3.10 
1.78-1.88 



I- 

< 



2 

3 
I 

2 
4 

I 



7 
7 



8 

9 

10 
10 

I 
II 

12 

13 
14 



Substance. 



Iodine (cryst.) . 
Lead chloride . 
(powder) 
*' nitrate 
*' sulphate . 
" molybde- 
nate . . 
Marble 

(Carrara) 
Mica . . . . 



tt 



tt 



Madras, brown 

green 

ruby . 

Bengal, yellow 

" white . 

" ruby . 

Canadian am- 

liJwl • • • • 

South America 
Ozokerite (raw) 
Paper (tele- 
phone) 
" (cable) . 
Paraffine . . . 



CI 
M 
tt 



Condi, 
tioo. 



Temp. 
23 



Wave- 
length, 
cm. 



Melting 
point. 
44-46 
54-56 
74-76 



75 
i< 

u 

CI 

II 

CI 

00 

u 

u 
it 
II 
II 
II 
u 

tt 
tt 

M 

a 

M 
IC 

II 

CI 

CC 

11 



Dielectric 
constant. 



4.00 

42 
16 
28 

24 

8.3 
5.66-5.97 
5.80-6162 

2.5-3.4 

3.9-S-5 

2.8 

4.2 

4.2-4.7 



30 

5-9 
2.21 

2.0 
2.0-2.5 
2.46 
2.32 
2.10 
2.14 
2.16 



2 
2 
2 



5 

II 

16 
x6 
16 
16 
16 

16 

16 

I 

17 
I 

18 

'9 

20 

20 
20 



References on p. 314. 

* For the e£Fect of temperature, see Grav-Dobbie, Pr. Roy. Soc 63, 1898; 67, 1900. 
" " " ** WBTe-length, see K. F. Uhre, Wied. Ann. 66, 1898. 
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Tables 350t 351. 

DIELECTRIC CONSTANTS {amihmid^ 
TABLB 360. -DMlootUll OanitlBtl of BOUAl (comiimmd). 



Substance. 


Condi- 
tion. 


Wave- 
length, 
cin« 


Did. 
constant 


M Author-' 
ity. 


Substance. 


Condi- 
tion. 


Wave- 

length, 

cm. 


DteL 
oonstaat. 


g.'S 


Paraffine . . 


47°6 


61 


2.16 


Sulphur 










S6.°2 


61 


2.25 


21 


Amorphous 


— 


00 


3-98 


I 


Phosphorus : 










*t 


- 


75 


3-80 


2 


Yellow . . 


— 


75 


3.60 


2 


Cast, fresh 


— 


00 


4.22 


I 


Solid . . . 


— 


8b 


4.1 


22 


M t* 


— 


t< 


4.05 


18 


Liquid . . 


- 


80 


385 


22 


M M 


— 


75 


3-95 


2 


Porcelain : 










Cast, old . 


— 


CO 


3.60 


18 


Hard 










M tt 


- 


75 


390 


2 


(Royal BTn) 


- 


00 


i'^? 


IS 


( 


near 


; 






Seger *' *' . 


- 


it 


15 


Liquid . \ 


melting- 


[co 


3-42 


I 


Figure " " . 


— 


«( 


6.84 


15 


\ 


point 


) 






Selenium . . 


- 


i< 


7-44 


I 


Strontium 










ti 




- 


75 


6.60 


2 


sulphate 


^ 


75 


"•3 


2 


M 




- 


00 


6.13 


23 


Thalhum 










(1 




- 


1000 


6.14 


23 


carbonate 


- 


75 


17 


2 


Shellac . . 




- 


00 


3.10 


4 


•* nitrate . 


- 


75 


16.5 


2 


• ■ 




- 


M 


2-95-373 


24 


Wood 






drira 




(4 

• 4 




- 


<• 


367 


25 


Red beech . 


II fibres 


00 


4.83-2.51 
773-3-63 


— 












tt tt 

• 


X " 


i< 


— 












Oak . . . 


II " 


M 


4.22-2.46 


— 












1 ' • • 


0- " 


<l 


6.84-3.64 


^ 


I V. Pirani, 1903. 


10 Lowe, 1898. 


■ 

18 Falllnger, 1902. 


2 Schmidt, 1903. 


II (submarine-data). 


19 Boltzmann, 1875. 


3 Gordon, 1879. 


12 Thwing, 1894. 


20 Zietkowski, 190a 


4 Winklemann, 1889. 


13 Abegg, 1897. 


21 Hormell, 1902. 


c Elsas, 1 89 1. 

6 Ferry, 1897. 

7 Hopkinson, 189 1. 


14 Behn-Kiebitz, 1904. 


22 Schlundt, 1904. 


15 Starke, 1897. 


23 Vonwiller-MasoD, 1907. 


16 E. Wilson. 


24 Wullner, 1887. 


8 Arons-Rubens, 1891. 


17 Campbell, 1906. 


25 Donle. 


9 Gray-Dobbie, 1898. 







TABLB 361. — Btilmlxlo OonitaBtB of Oryilali. 

Da, P/3, D7 are the dielectric constants along the brachy, macro and vertical axes respectively. 



Substance. 



Uniaxial: 

Apatite . 
Beryl . . 



tt 
(I 



Calcspar . . 

t( 

Dolomite . . 
Iceland spar 
Quartz . . 



t( 



(( 



It 



Rutil (TiOa). 
Tourmaline . 



tt 



Zircon 



Wave- 

lenf^th, 

cm. 



75 
00 
tt 

75 
00 

a 

75 
75 

00 
tt 

lOCO 

75 

75 
00 

75 
75 



Diel. const. 



Axis. 



9.30 
7.85 
7.10 
6.05 
8.40 
8.78 
7.80 
8.50 
4.69 

4.38 
4.27 

432 
89 

6.7 

12 



fl Axis. 



l 



740 

7-44 
6.05 

7.56 
8.29 
6.80 
8.00 
5.06 
4.46 

4-34 
4.60 

173 
6.54 
5.65 
12.6 



L 

o 



_ *^ I 

< 



I 

2 

3 
I 

4 

5 
I 

I 

4 
6 
6 
I 
I 

4 
I 

I 






Substance. 



Rhombic: 

Arragonite . 



(t 



Barite 



It 



Coelestin . , 
Cenissite 
MgS()4 + 7HaO 

K2S()4 . . 

Rochelle salt 
Sulphur . . 



tt 



Topaz . 



Wave- 
length, 


Diel. const. 








cm. 


Da 
9.14 


D^ 


Dy 
7.13 


00 


75 


9.80 


7.68 


6.55 


00 


6.97 


10.09 


7,00 


75 


7.65 


12.20 


7.70 
8.30 


75 


7.70 


18.5 


75 


254 


23.2 


^9-2 


00 


5.26 
6.09 
6.70 


6.05 
0.92 


8.28 


t< 
ft 


4.48 
8.89 


It 


3.81 


3-97 


4-77 


<l 


365 


3.85 


4.66 


75 


3.62 


3.85 
6.70 


4.66 


75 


6.65 


6.30 



im 

< 



4 
I 

4 
I 

I 

I 

7 

7 

7 
8 

7 
I 

I 



1 Schmidt, 1903. 

2 Starke, 1897. 

3 Curie, 1889. 



4 FalHnger, i()02. 
c V. Pirani, 1903. 

5 Ferrv, 1897. 



7 Borel, 1893. 

8 Boltzmann, 1875. 



Smithsonian Tables. 



Tablu 3B2, 3B3. 
PERMBABILITY OF IRON. 
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Table 363 {omimMtd). 
PERMEABILITY OF TRANSFORMER IRON. 



(lb) Wbstinghousb No. 6 Tkamspoembes (about x8oo Watts Capaqty). 


M 


M 

I 


Fint spedmen. 


• 

Second ■pedroen. 


— 


B 


M 


Bl 


■« 


B 


Af 


m 






B 


a 


B 


M» 


B 


m 


B 


Atk 


20 


0.62 


i47Xio» 


1310 


I.36X1O-* 


2140 


215X10" 


1940 


o.93Xior^ 


3140 


40 
60 


1.23 
2.46 


442 " 
697 " 


^ 


0.91 " 

0.86 " 


3260 
3390 


615 " 
826 « 


5540 
7440 


a64 " 
0.72 •* 


4490 
4030 


80 


862 " 


7770 
8550 


0.93 " 


3MO 


986 " 


8880 


0^1 " 


3590 


100 


308 


949 " 


1.0S « 


2770 


1050 " 


9460 


a95 " 


3060 


120 


370 


lOIO " 


9106 


1.19 " 


2450 


1 100 " 


9910 


1.09 " 


2670 


140 


4.3* 


1060 " 


9550 


1.33 " 


2210 


1 140 " 


10300 


X.23 " 


2430 
2180 


160 


4.93 


1090 " 


9S20 


1.47 " 
1. 61 " 


1090 
1830 
1680 


1 170 " 


10500 


1.37 " 


180 


Ul 


1 120 " 


lOIOO 


1190 " 


10700 


1.51 " 


1970 


200 


1150 « 


10400 


1.74 - 


^ 


^ 


" 


"* 


(0) Wkstin 
(aboui 


GHousB No. 4 Tkansfokmbs 
• xaoo Watts Capacity). 


■ 

(d) Thomson-Houston 1500 Watts Tkansfobioi. 




Af 






B 


M 


Bl 




M 




B 


nr 


Bl 


20 


i 

0.69 




B 


a 


B 


Ma 


M 


I 


B 


m 


B 


Aid 


147 


XI08 


1470 


I.36XIO-* 


2140 


20 


0.42 
0.84 


7oXio» 


1560 


2.86XlOr-* 


3730 
3780 
















t 


142 " 


3160 


2.8X « 


40 


1.38 


406 


M 


4066 


0.98 " 


2940 


1.26 


214 " 


4770 


2.81 " 


3790 
















80 


T.6R 


265 " 


c 


3.02 « 


3520 


60 


2.07 


573 


M 


5730 


X.05 " 


2770 


100 


2.10 


30Q « 
348 " 


3-24 •• 


3280 
















120 


2.52 


7760 


3-45 " 


3080 


80 


2.76 


659 


« 


6590 


I.2I " 


2390 


160 
200 


3-3<> 
4.20 


408 " 
456 " 


9x00 

X0200 


3.92 " 

4.39 " 
4.87 I 


2710 
2430 


100 


3-45 


714 


l< 


7140 


1.40 " 


2070 


240 


6.72 


495 " 


1 1000 


2190 


120 


4.14 


748 


II 


7490 


1.60 " 


x8xo 


280 
320 


524 " 
550 " 


XI690 

12270 
12780 


5-35 '• 

5^2 *« 

8.29 •* 
6.78 •* 


1090 
1820 
















160 


7.56 
8.40 


573 " 


1690 


140 


483 


777 


l( 


7770 


1.80 " 


1610 


400 


591 " 


13x80 


1570 
















440 


9.24 504 " 


13470 


7.28 " 


1460 



Tables 354-356. MAGNETIC PROPERTIES OF IRON. 

TABIB 364.— HtCMlla PnpartlM «l bm and StML 
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Electro, 
lytic 
Iron. 


Good 
Cast 
Steel. 


Poor 
Cast 

SteeL 


SteeL 


Cast 
Iron. 


Electrical Sheets. 




Ordinary. 


Silicon 
Steel. 


Chemical composi-, 
tion in per cent 


C 

Si 
Mn 
P 
S 


0.024 
0.004 
o.oc8 

0.008 
0.001 


0.044 

aoo4 
a40 
0.044 
0.027 


0.56 

0.18 

0.29 

0.076 

0.035 


0.99 
0.10 
0.40 
0.04 
0.07 


3-" 
327 
0.56 

1.05 
0.00 


0.036 

0.330 
0.260 
0.040 
0.068 


0.036 

3.90 
0.090 
0.009 
0.006 


Coercive force . . . - 


2.83 
[0.36] 


1.51 
[0.37] 


71 
(44.3) 


16.7 
(52.4) 


11.4 
[4.6] 


[1-30] 


[0.77] 


Residual B . . . . 


1 1400 


10600 
[11000] 


10500 
(10500) 


13000 
(7500) 


5100 
[5350] 


[9400] 


[9850] 


Maximum permeability • 


1850 
[14400] 


[14^] 


700 
(170) 


(no) 


240 
[600] 


[3270] 


[6130] 


B for H=i50 


IQ20O 
[18900] 


18800 
[19100] 


17400 
(15400) 


16700 
(11700) 


10400 
[iiooo] 


[18200] 


[»7S5o] 


4a-I for saturation . ] 


21620 
[21630] 


21420 
[21420] 


20600 
(20200) 


19800 
(18000) 


16400 
[16800] [20500] 


[19260] 



E. Gumlicb, Zs fUr Electrochemie, 15, p. 599; 1909. 
Bmcktts indicate annealing at Soo^' C in vacoam. PartniJUus indicate hardening by qnenching from dierrf-red. 





TABLB 356.-0ait Ina la btnss Flsldt. 






Soft Cast Iron. 1 


Hard Cast Iron. 1 


H 


B 


I 


#* 


H 


B 


I 


p^ 


114 

172 


9950 
10800 


^46 


^•^ 


142 

254 


7860 
9700 


614 

Z5? 


55-4 
38.2 


433 


13900 


1070 


32.1 


iP 


10850 


836 
983 


30.6 


744 


15750 


1200 


21.2 


684 


13050 


19.1 


1234 


17300 


1280 


14.0 


915 


14050 


1044 


'5.4 


1820 
12700 


18170 
31 100 


1300 
1465 


10.0 
2.5 


1570 
2020 


\^ 


1138 
1176 


10.1 
8.3 


13550 
13800 


32100 
32500 
33050 


m 


2.4 
2.4 


10900 
13200 


^t^ 


1245 
1226 


2.4 
2.2 


15100 


1472 


2.2 


14800 


30200 


1226 


2.0 



B. O. Peiroe, Proc. Am. Acad. 441 1909. 

TABLB 860.— OoiXMtlflBS for Bing Spadmens. 
In the case of ring specimens, the averase magnetizing force b not the value at the mean radius, 
the ratio of the two being given in the taole. The flux density consequently is not uniform, and 
the measured hysteresis is less than it would be for a uniform distribution. This ratio is also given 
for the case of constant permeability, the values being applicable for magnetizations in the neigh- 
borhood of the maximum permeability. For higher magnetizations the flux density ia more uni- 
form, for lower it is less, and the correction greater. 



Ratio of 

Radial 

Width to 

Diameter 

of Ring. 


Ratio of Average H to 
H at Mean Rulius. 


Ratio of Hysteresis for Uniform 
Distribution to Actual Hysteresis. 


Rectangular 
Cross-flection. 


Circular 
Cross-section. 


Rectangular 
Cross-section. 


Circular 
Cross-section. 


X/2 

'//^ 
1/4 

'A 

i/io 

1/19 


1.0986 

10397 
I.0216 

i.o[37 
1.0094 
1.0069 
1.0052 

10033 
1.0009 


1.0718 
1.0294 
1.0162 
I.0I02 
1.0070 
1.0052 
1.0040 
1.0025 
1.0007 


1. 112 
1.045 
1.024 
1.015 
l.OIO 
1.008 
1.006 
1.003 
1.001 


1.084 

1.033 
1.018 
I. Oil 
1.008 
1.006 
1.004 
1.002 
1.001 



ivrrHioiiiAN Tables. 



M. G. Lloyd, BolL Bur. Standards, 5, p. 435; 1908. 
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Tablk 357. 



COMPOSITION AND MACI 



i 



This table and Table 358 below are taken from a paper bf Dr. Hopkinson * on the magnetic properties of iitm ^ 
which is stated in the paper to have been S40. The maximum matgnetisation is not tabulated ; but as statt 



previous magnetization in the opposite 


direction to the *' maximum induction ** stated in the table. The * 


which, however, was only found to agree roughly with the results of experiment. 


9 


No. 


Description of 




Chemical analysis. 


of 


Temper. 










1 1 


Test. 


speamen. 


m 


Total 
Carbon. 


Manga- 
nese. 


Sulphur. 


Silicon. 


Phos- 
phorua. 


substa 


I 


Wrought iron . 


Annealed 


^^ 


^ 


^ 


_ 


_ 




2 


Malleable cast iron . 


M 


- 


- 


- 


— 


— 


~ 


3 


Gray cast iron . 


-> 


- 


- 


- 


— 


— 


— 


4 


Bessemer steel . 


— 


0.045 


0.200 


0.030 


None. 


0.040 


~ 


i 


Whitworth mild steel 


Annealed 


0.090 


0.153 


0.016 


44 


0.042 


— 


« M 


u 


0.320 


0.438 ox>i7 


0.042 


0.035 


» 


9m 


« M 


( Oa-hard- 
( ened 


M 


44 M 


u 


44 




7 














I 


8 


M M ^ 


Annealed 


0.890 


0.165 


0.005 


ao8i 


0.019 


n 


M M 


( Oil-hard- 
{ ened 


•4 


44 


M 


44 


44 




9 














^ 


10 


Hadfield's manganese ) 
steel ) ' 


- 


1.005 


12.360 


0.038 


0.204 


ao70 


- 


II 


Manganese steel 


Asforeed 
Anneaued 


0.674 


4.730 


0.023 


0.608 


0.078 


_ 


12 


M 44 


44 


44 


44 


44 


4< 


mm 


V *% 


M tf 


( OU-hard- 
1 ened 


44 


44 


44 


44 


4< 




*3 
















14 


« «« ^ ^ 


As forged 
Annealed 


1.298 


8.740 


0.024 


0.094 


0.07a 


mm 


15 


M « ^ ^ 


44 


(4 


44 


44 


4« 




16 


tt M 


( OiUhard- 
( ened 


44 


44 


41 


(4 


tf 
















"■ 


17 
18 


Silicon steel 

<4 M 


As forged 
Annealed 


0.685 
44 


0.694 
44 


4« 
<4 


3438 
44 


0.123 
44 


- 


19 


44 tt 


( Oil-hard- 
] ened 


44 


44 


44 


44 


M 
















** 


20 


Chrome steel . 


As forged 


0.53a 


0.393 


ao20 


0.220 


0.041 


a62i Cr. 


21 


44 44 


Annealed 


44 


44 


44 


44 


44 


44 


22 


"**••• 


( Oil-hard- 
) ened 


44 


44 


44 


44 


44 


M 


23 
24 


<4 44 

M " . • . 


As foreed 
Annealed 


0.687 
44 


ao28 
44 


44 

a 


0.134 
44 


0.043 
14 


1.195 Cr. 


25 


44 ** , ♦ , 


( Oil-hard- 
( ened 


tf 


44 


14 


tf 


tf 


M 


26 
27 


Tungsten steel . 

44 w 


As forged 
Annealed 
C Hardened 


1-357 

14 


0.036 

44 


None. 

4< 


0.043 
44 


0.047 


4.649 w. 

tf 


28 


M " • • • 


I in cold 
r water 
I Hardened 


M 


«4 


« 


M 


M 


« 


29 


M ** • • • 


\ in tepid 
( water 


44 


14 


.<• 


14 


M 


« 


30 


•« " (French) . 


( Oil-hard- 
1 ened 


a5ii 


0.625 


None. 


ao2i 


ao28 


3-444 W. 


31 


44 M 

• • • 


Very hard 


0.855 


0.312 


- 


0.1 51 


0.089 


2-353 W. 


32 


Gray cast iron . 


- 


3-455 
2.581 


0.173 


0.042 


2.044 


0.1 51 


2.0S4 c.t 


33 


Mottled cast iron 


- 


0.610 


0.105 


1.476 


0.435 
0.458 


M77 C.t 


34 


White " " . . 


- 


2.036 


0.386 


0.467 


0.764 




'' 


Spiegeleisen 


" 


4.510 


7.970 


Trace. 


0.502 


ai28 


^ 




• PhiL Trans. Roy. Soc 


voL 176. 






to 


nphiticc 


arbon* 
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MACI^ 



ERTIE8 OF IRON AND STEEL. 



. lunben in the oolumns headed " magnetic properties** give the results for the highest mftgnetisiQg force used, 

"^ it may be obtained by subtracting the magnetizing force (240) from the maximum induction and then dividing 

'l^lig force ** b the magnetizing force which had to be applied in order to leave no residual magnetization after 

^ ^kted**^ was calculated from the formula: — Energy dissipated = coercive force X maximum induction -r « 
le. Ik) A 



It. 



10 

II 
12 

>3 
H 

16 

>7 
18 

19 

20 

21 

22 

23 
24 

25 

26 

28 



29 



31 
32 
33 
34 
35 



Description of 
specimen. 



Wrought iron . 
Malleable cast iron . 
Gray cast iron . 
Bessemer steel . 
Whitworth mild steel 



M 

M 



« 
M 
M 
M 



Hadfield's manganese ) 

steel ) 

Manganese steel 

M M 

<f M 

M U 

M a 

« M 

Silicon steel 

U M 

M «< 

Chrome steel 

U M 

M « 



M 
U 






Tungsten steel 

« M 



M 



a 



« (French) 



K 



Gray cast iron . 
Mottled cast iron 
White 
Spiegeleisen 



ti 



Temper. 



Annealed 



<« 



Annealed 



u 



specific 
electri- 
cal resis* 
tanoe. 



iOil-hard- 
{ ened 
Annealed 
( Oil-hard- 
) ened 



As forged 
Annealed 
j OiUhard- 
I ened 
As forged 
Annealed 
j Oil-hard- 
j ened 
As forged 
Annealed 
Oil-hard- 
ened 
As forged 
Annealed 
Oil-hard- 
ened 
As forged 
Annealed 
Oil-hard- 
ened 
As forc^ed 
Annealed 
Hardened 
in cold 



Maxi- 
mum in- 
duction. 



Magnetic properties. 



water 
i Hardened 
< in tepid 
( water 
I Oil hard- 
\ ened 
Very hard 



.01378 

•03254 
.10560 
.010 i;o 
.01080 
.01446 

.01390 

•01559 
.01695 

•06554 

.05368 
.03928 

.05556 

•06993 
.06316 

.07066 

.06163 
.06185 

.06195 

.02016 
.01942 

.02708 

.01791 
.01849 

•03035 

.02249 
.02250 

.02274 



.02249 



.03604 

.04427 
.11400 
.06286 
.05661 
.10520 



18251 
12408 
10783 
18196 
19840 
18736 

18796 

16120 

161 20 

310 

462 
1057 

4769 

747 
1985 

733 

15148 
14701 

14696 

15778 
14848 

13960 
14680 
13233 
12868 

15718 
16498 



1 5610 

14480 

12133 
9148 

10546 

9342 

385 



Residual 

indue. 

tion. 



7248 
7479 

^d 

7080 
9840 

11040 

10740 

8736 



2202 
5848 

2158 
540 

"073 
8149 
8084 

9318 
7570 

8595 

7568 
6489 

7891 

10144 
11008 



9482 

8643 

6818 
3161 
5108 

5554 
77 



Coer- 
cive 
force. 



2.30 
8.80 
3.80 
2.96 
1.63 

^7Z 
11.00 

8.26 
19^38 



23.50 



•5* 



33-»6 
27.64 



24.50 

9-49 
7^3 

12.75 

12.24 
8.98 

38.15 

18.40 
15.40 

40.80 

15.71 
1530 



Demag' 

netizive 

force. 



30.10 



47.07 

51.20 

13-67 
12.24 

12.24 



37.13 
46.10 

40.29 



50.39 

12.60 
10.74 

17.14 

13.87 
12.24 

48.45 

22.03 
19.79 

56.70 

17.75 
16.93 



Energy dis. 

sipatea per 

cycle. 



3470 

64.46 

70.69 
1703 

2a40 



13356 

34742 

13037 

17137 
10289 

40120 
65786 
42366 
99401 



34567 
"3963 

41941 
15474 



45740 
36485 

59619 

61439 
42425 

169455 




167050 
78568 



Z^S 



149500 

216864 

197660 

39789 
41072 

36383 



SarmsoNiAN Tables. 



3^0 Tables 368-360. 

PERMEABILITY OP SOME OF THE SPECIMENS IN TABLE 367. 

TABLB368. 



This table ciyet the induction and the permeability for different Talues of the magaetisiac force of some of the 
mens in rable 357. The tpedmen numbers refer to the same table. The numbers in this table have been 
from the curves given by Dr. Hopkinsoui and nuy therefore be slightly in error ; they are the mean valoea 
rising and falling magnetizations. 



Marnetis- 

inglorce. 

H 


Specimen 


X (iron). 


Specimen 8 
(annealed steel). 


Specimen 9 (same as 
8 tempered). 


Specimen 3 
(cast iron). 


B 


#* 


B 


#* 


B 


#* 


B 


#* 


I 


_ 


^ 


mm 


mm 


.. 


. 


265 


26s 


2 


200 


100 


- 


— 


— 


— 


700 


3S0 


3 


— 


— 


- 


- 


- 


- 


1625 


^ 


5 


10050 


2010 


1525 


300 


750 


165 


3000 


10 


12550 


1255 


9000 


900 


1650 


0000 


500 


20 


14550 


727 


IIJOO 

12650 


575 


5875 


294 


300 


30 


15200 


507 


422 


9875 


329 


6500 


217 


40 
50 


15800 
lOOOO 


395 
320 


13300 

X3800 


276 


I1600 
12000 


290 
240 


7100 

7350 


177 

M9 


70 


16' 60 

i6ioo 


^55 


M350 


205 


13400 


191 


7900 

8500 


'J^ 


100 


168 


14900 


149 


I4JOO 


M5 


^5 


150 


17400 


116 


15700 
16100 


'25 


15800 


'25 


9500 


63 


200 


17950 


90 


80 


I6IOO 


80 


IOI90 


SI 




Tables 359~363 give the resulta of some experiments by Du Bois,* on the magnetic properties of iron* nickel, and 
cobalt under strong magnetising forces. The experiments were made on ovoios of the metals 18 oentimeten loqr 
and 0.6 centimeters diameter. The specimens were as follows: (1) Soft Swedish iron carefully annealed and 
having a density ^83. 
best nickel containing _ 
the following composition 

men was very brittle and broke in'the lathe, and hence contained a surfaced joint held together by clamps during 
the experiment. Referring to the columns, H^ B^ and ^ have the snme meaning as in the other tables, 5" is the 
magnetic moment per eram, and / the magnetic moment per cubic centimeter. H and J" are taken from the 
curves published by Du fiois ; the others have been calculated using the densities given. 

MAGNETIC PROPERTIES OF SOFT IRON AT 0° AND 100<> O. 

TABLE 389. 



Soft iron at 0® C. 


Soft iron at 100° (X ll 


H 


S 


/ 


B 


M 


H 


.$• 


I 


B 


** 


100 
200 
400 
700 
1000 
1200 


180.0 

194.5 
208.0 

2IJ.5 

218.0 

218.5 


1408 
I52X 
1627 
1685 
1705 
1709 


17790 
19310 
20830 
21870 
22420 
22670 


177.9 
96.5 
52.1 
31.2 
22.4 

18.9 


100 
200 
400 
700 
1000 
1200 


x8o.o 

194.0 

207.0 

2134 

215.0 

215.5 


1402 

I«I 

161 3 

1663 
1674 
1679 


17720 

21590 
22040 
22300 


177.2 
96w0 
51.6 
29.8 

2IX> 

X8.6 



MAGNETIC PROPERTIES OF STEEL AT O^" AND 100° C. 

TABLE 360. 



Steel at o® C. 


Steel at loo^' C 1 


H 


5 


I 


B 


M 


H 


s 


I 


B 


/* 


100 
200 
400 

700 
1000 
1200 
375ot 

- 


165.0 

181.0 

1930 

199.5 

203.5 
205.0 

212.0 


1283 
1408 
1500 
1552 

1583 

»S95 
X050 


16240 
17900 
19250 
20210 
20900 
21240 
24470 


162.4 

48!i 
28.9 
20.9 

6.5 


100 
200 
400 
700 
1000 

1500 
3000 
5000 


165.0 
180.0 
I9I.0 

197.0 

199.0 
203.0 

205.5 

2o{;.o 


1278 

»395 
1480 

»527 

»543 

1573 

»S93 
1612 


16170 

17730 
19000 

19800 
20380 
21270 
23020 
25260 


161.7 

88.6 

47.5 
28.4 

20.4 
14.2 

7.7 



• " Phil. Ma«E." % aeries, vol. xxix. 

t The results in this and the other tables for forces above ikv were not obtained ffXMn the ovoids above referred 
to, but from a small piece of the metal provided with a polished mirror surface and placed, with iu polished face not^ 
mal to the line« of force, between the poles of a powerful electromagnet. The induction was then inferred froia 
the rotatioo of the plane of a polarised ray of red light reflected normally from the sinface. (See Kerr'a '* Ci? *y rt inu." 
P-331.) 
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Tables 361-367. 
MAGNETIC PROPERTIES OF METALS. 



321 



TABU Sai. - Ootatt «t XOO^' 0. 



H 



200 

300 
500 

700 

1000 

1500 

2500 

4000 

6000 

9000 

AtoPC 

7900 I 



106 
116 
127 

131 
«34 
138 
M3 
M5 
147 
149 

. this 



848 
928 
1016 
1048 
1076 
1 104 
1 144 
1 164 
1176 
1 192 



108^0 
11960 
13260 
13870 

145^ 

16870 
18610 
20780 
23980 



speamen gave the 
lowing results : 
154 I 1232 I 23380 



54.2 

39-9 
26.5 

19.8 

14.5 

10.3 

47 

2.6 

fol- 



I 3-0 



TIBLB a61.-BUktf at lOO^ a 



H 


.y 


/ 


B 


¥• 


100 


35.0 


329 


3980 


39^ 


200 


430 
46.0 


3«o 


4966 


24.8 


300 


406 


5399 
6043 


18.0 


500 


50.0 


441 


1 2.1 


700 


5'-5 


454 


6409 


9.1 


1000 


53-0 
56.0 


468 


6875 


6.9 


1500 


494 


7707 


5-1 


2500 


58.4 


515 


8973 


3.6 


4000 


59.0 


520 


10540 


2.6 


6000 


59.2 


522 


1 2561 


2.1 


9000 
12000 


59-4 
59.6 


526 


\\U 


1-7 
1.5 


At 0° C. this specimen gave the fol- | 


lowing results : 




12300 67.5 1 595 1 19782 


1.6 



TABLB 363. -KagBOtlt^. 
The following results are given by Du Bots * for a specimen of magnetite. 



H 


/ 


B 


¥• 


500 

1000 

2000 

12000 


325 

345 
350 
350 


8361 

9041 

10084 

20084 


16.7 
9.0 
5.0 

»7 



Professor Ewing has investigated the effects of very intense fields on the induction in iron and other metals.t The 
reivlts show that the intensity of maKnetization does not increase much in iron after the field has readied an in- 
tendty of looo c g. s. units, the increase of induction above this being almost the same as if the iron were not 
there, that is to say, dBfdH is practically unity. For hard steels, and particularly manganese steels, much higher 
forces are required to produce saturation. Hadfield's manganese steel seems to have nearly constant susceptibility 
ap to a magnetizing force of lo.coo. The following tables, taken from Ewing's papers, illustrate the effects of 
strong fielw on iron and steel. The results for nickel and cobalt do not differ greatly from those given above.- 



TIBLB 804. — Lowmoor 
W^pvngkt Inm. 



H 


/ 


B 


M 


6450 


16R0 


24130 


783 


1740 


28300 


4.39 


10450 


1730 


32250 


309 


13600 
16390 


1720 
1630 
1680 


30810 


2.59 
2.25 


18760 


39900 


2.«3 


18980 


1730 


40730 


2.15 



TABLE 366.-Vlok0r*s 
ToolStML 



H 


/ 
1530 


B 


4.10 


6210 


25480 


9970 


1570 


29650 


2.97 


I2I20 


15(50 
1580 
lOIO 


31620 


2j6o 


14660 


34550 
35820 


2.36 


15530 


2-3 » 



TABLE 366.-Hadflttld'i 
MaacanaM StaeL 



H 




B 


1* 
1.36 


19^0 


2620 


2380 


3430 


1.44 


3350 


84 


4400 


»-3' 


wz 


III 


7310 


1.24 


187 


8970 


'•35 


7890 


191 


10290 


1.30 


,9810 


s 


I1690 


'•39 


14790 


1.51 



TABLE 367.— Saturation Valnaa for Stoelf of DlfforoBt Klnda. 



H 



Bessemer steel containing about 0.4 per cent carbon . . . 
Siemens>Marten steel containing about 0.5 per cent carbon 
Crucible steel for making chisels, containing about 0.6 per 

cent carbon 

Finer Quality of 3 containing about 0.8 per cent carbon . . 

CmdlMe steel containing i per cent cart)on 

Whitworth's fluid-compressed steel 



17600 
18000 

10470 
18330 
19620 
18700 



1770 
1660 

T480 
1580 
1440 
1590 



39880 
38860 

38010 
38190 

37690 
38710 



2.27 
2.16 



f.95 

!.08 



'•9! 

1.92 
2.07 



* ** Phil. Mag.*' 5 aeriea, toL xzix, 1890. 
Shitnsoiiian Tailks. 



t " PfaU. Tnuw. Roy. Soc" 1885 and 1889. 
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Tables 368-370. 
MAGNETIC PROPERTIES OF IRON IN VERY WEAK FIELDS. 



The effect of very small magnetizing forces has been studied by C. Baur * and by Lord Rayleigh.t The folloiriag 
sh<Mt table is taken from Baui^s paper, and is taken by him to indicate that the susceptibility is finite for zero values 
of H and for a finite range increases in simple proportion to H. He gives the formula «=,i5 H~ loo^/, or !"=. 
1$ //-{- loo //*. The experiments were made on an annealed ring of round bar 1.013 cms. radius, the ring luiviii| 
a radius of 0-433 cms. Lx>rd Rayleigh's results for an iron wire not annealed give ^ = 6.^-^-5.1 H, or / = 6^ i? 
4-5.1 /P, The forces were reduced as low as 0.00004 c. g. s., the relation oikxo H remumng constant. 



First experiment 


Second eiq>eriment. 


H 


k 


/ 


H 


k 


.01580 
.03081 
.07083 
.13188 
.23011 
.38422 

* 


16.46 
17.65 
23.00 
28.QO 
39.81 
58.56 


2.63 

$•47 

16.33 

38-15 
91.56 

224.87 


.0130 
.0847 

■X 

.2903 
•3397 


18.38 
20.49 
25.07 
32.40 
35-20 



Tables 369, 370.-DI8SIPATION OF ENERGY IN CYCLIC MAGNETIZATION 

OF MAGNETIC 8UB8TANCE8. 

When a piece of iron or other magnetic metal is made to pass through a closed cyde of 
magnetization dissipation of energy results. Let us suppose the iron to pass from zero magneti- 
ration to strong magnetization in one direction and then gradually back through zero to strong 
magnetization m the other direction and thence back to zero, and this operation to be repeated 
several times. The iron will be found to assume the same magnetization when the same magne- 
tizing force is reached from the same direction of change, but not when it is reached from the 
other direction. This has been long known, and is particularly well illiistrated in the permanenqr of 
hard steel magnets. That this fact involves a dissipation of energy which can be calculated from 
the open loop formed by the curves giving the relation of magnetization to magnetizing force was 
pointed out by Warburg X in 1881, reference being made to experiments of Thomson, § where such 
curves are illustrated for magnetism, and to E. Cohn, || where similar curves are given for thermo- 
electricity. The results of a number of experiments and calculations of the energy dissipated 
are given by Warburg. The subject was investigated about the same time by Ewing, who pub- 
lished results somewhat later. 1 Extensive investigations have since l)een made by a number of 
investigators. 

TABLE 369. - S«ft Iran Win. 

(From £wing*s 1885 paper.) 



TABLB 370. — Oablt TnufnutiB. 

This table gives the results obtained by Alexander Siemens with one of 
Siemens* cable transformers. The transfonner core consisted of 900 
soft iron wires i mm. diameter and 6 meters long.** The dissipadoo 
of energy in watts is for 100 complete cycles per second. 



1 1 




Horse- 


Total 


Dissipation 


power 


induction 


of energy 


wasted per 


per sq. cm. 


m ergs per 


ton at 100 


cti. cm. 


cycles per 






sec. 


2000 


420 


0.74 


3000 


800 


1. 41 


4000 


1230 


2.18 


5000 
6000 


1700 
2200 


3.01 


7000 


2760 


4.88 


8000 


3450 


6.10 


9000 


4200 


Z-i3 


lOOOO 


5000 


8.84 


IIOOO 


5820 
6720 


10.30 
11.89 


12000 


13000 


Z^5° 


1 3- 53 


14000 


8650 


15-30 


15000 


9670 


17.10 



Mean maxi- 
mum induc- 
tion density 
in core. 
B 


Total ob- 
served dis- 
sipation of 
energy in the 
core in watts 
per 113 lbs. 


Calcnbited 
eddy current 
loss in watts 
per iia lbs. 


Hvsteresis 

loss of 

energy in 

watts per 

iialbs. 


Hysteresis 
loss of 

energy in 

ergs per 
cu. cm. 

per cycle. 


1000 
2000 
3000 
4000 
5000 
0000 


43-2 

96.2 

158.0 

231.2 

309-5 
390.1 


4 
16 

t 

100 
144 


39-2 
80.2 
122.0 
167.2 
209.5 
246.1 


602 
1231 

1874 
2566 

3217 

3779 



• "Wied. Ann."vol. xi. 

X " Wied. Ann.'» vol. xiii. p. 141. 

I " Wied. Ann.»' vol. 6. 



t "Phn. Mag.*»vol. xxiU. 

i " Phil. Trans. Roy. Soc." vol. tjy 

\ ** Proc. Roy. Soc.'' i88a, and " Tnm, VLOf. 



SnrmsoNiAN Tablcs. 



** " Proe. Inst of Elect. Eng." Load., 1890. 



Soc.*i889. 



Tables 871-372. 
DEMAQNETIZINQ FACTORS FOR RODS. 

TABLB 871. 
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H^= trae intensity o^ magnetizing field, H* = intensity of applied field, /= in- 
tensity of magnetization, H=Ii' — N/. 

Shuddemagen says: The demagnetizing factor is not a constant, falling for 
highest values of /to about 1/7 the value when unsaturated; for values of B 
(=/r-f-4v/) less than loooo, N is approximately constant; using a solenoid 
wound on an insulating tube, or a tube of split brass, the reversal method gives 
vadues for A^ which are considerably lower than those given by the step-by-step 
method ; if the solenoid is wound on a thick brass tub^, the two methods prac- 
tically agree. 



Ratio 

of 
Length 

to 
Otameter. 


Values of A^Xio< || 


Ellipsoid. 






Cylindei 




Uniform 
Magneti- 

xannn. 


Magneto- 

metric 

Mediod 


Ballistic Step Method. 1 


Dubois. 


Shuddemagen for Range of 
Practical Constancy. 












(Mann). 




Diameter. 


aisScm. 


0.3175 cm. 


i.iiionj t.905 cm. 1 


5 


7015 


MM 


6800 










10 


2549 


6;o 
280 


2550 


2160 


- 


i960 II 


15 


848 


1400 


1206 


— 


— 


107s 


20 


160 


898 


775 


— 


— 


671 


30 


2^ 
181 

132 


70 


460 


393 
238 
1 02 
118 


388 


350 


343 


40 


39 

2q 
19 


182 
131 


116 


212 
106 


209 
149 
106 


70 


lOI 


13 


99 


89 


88 






80 


80 


9.8 


78 


69 


69 


66 


63 


90 . 


65 


l:^ 


^3« 


55 


5^ 






100 1 


54 


1-^ 


51.8 


45 


46 


41 


41 


150 


26 


25-1 . 


20 


23 


21 


21 


200 


16 


1-57 


15.2 


II 


12.5 


II 


II 


300 


7-S 


o.;ro 


7.5 


K 








400 


4.5 


0.39 




2.8 









C R. Mann, Physical Review, 3, p. 359; 1896. 

H. DuBois, Wied. Ann. 7, p. 94a ; 190a. 

C L. B. Shuddemagen, Proc. Am. Acad. Arts and Sd. 43, p. 185, 1907 (BibliographyX 



TABLB 91%. 

Shuddemagen also gives the following, where B is determined by the step method 

and H^H'—KB. 



Ratio of 

Length 

to 

Diameter. 


Values of KXio«. 


Diameter 
0.3175 cm. 


Diameter 
I.I to ax>cm. 


15 
20 

25 

30 
40 

lo° 

80 

100 

150 


3S9 
18.6 

12.7 

9.25 

% 

1.83 


85.2 

1 1.6 

8.45 

5-oS 
3.26 

1.67 
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Table 373. 



DISSIPATION OF ENERGY IN THE CYCLIC MAGNETIZATION OF VARIOM 

SUBSTANCES. 



C. P. Steinmetz concludes from his experiments* that the dissmation of energy due to 
k^teresis in magnetic metals can be expressed by the formula e = a6^, where t is the eneigy 
dissipated and a a constant. He also concludes that the dissipation is the same for the bum 
range of induction, no matter what the absolute value of the terminal inductions may be. Hli 
experiments show this to be nearly true when the induction does not exceed ^ 15000 c g^ft 
units per sq. cm. It is possible that, if metallic induction only be taken, this may be true up In 
saturation ; but it is not likelv to be found to hold for total inductions much above the satun- 
tion value of the metal. The (aw of variation of dissipation with induction range in the cyck^ 
stated in the above formula, is also subject to verification.! 



ValVM of CtaMitast a. 



The following table give« the valaet of the constant a as found by Stdnmets for a nomber of (Ufkrent 

Hie data are taken from his second paper. 



Number of 
specimen. 



Kind of materiaL 



Description of spedmen. 



Vahieol 



I 

2 

3 

4 

I 

7 
8 

9 
10 

II 

12 

>3 

\l 

17 
18 

19 
20 



21 

22 

23 
24 
25 



26 



Iron 

u 

M 
(I 
« 

Steel 

M 
<( 
It 
<t 
« 
t< 
II 
II 
11 
14 

Cast iron 



II 
II 



II 



Magnetite 
Nickel 



41 



M 



Cobalt 



Iron filings 



Norway iron 

Wrougnt bar 

Commercial ferrotype plate 

Annealed " " 

Thin tin plate 

Medium thickness tin plate 

Soft galvanized wire ..•••. 

Annealed cast steel 

Soft annealed cast steel 

Very soft annealed cast steel 

Same as 8 tempered in cold water .... 
Tool steel glass hard tempered in water 

" " tempered in oil 

" " annealed 

Same as 12, 1 3, and 14, after having been subjected ) 
to an alternating m. m. f. of from 4000 to 6000 ? 
ampere turns for demagnetization . . . . ) 
Gray cast iron 

** " " containing | % aluminium 

II II 41 a 1 if 41 

1/0 

A square rod 6 sq. cms. section and 6.5 cms. long, ) 
from the Tilly Foster mines, Brewsters, Putnam > 
County, New York, stated to be a very pure sample ) 

Soft wire 

Annealed wire, calculated by Steinmetz from ) 

Ewing's experiments ) 

Hardened, also from Ewing's experiments 
Rod containing about 2 % of iron, also calculated ) 
from Ewing's experiments by Steinmetz . . ) 

Consisted of thin needle-hke chips obtained by 
milling grooves about 8 mm. wide across a pile of 
thin sheets clamped together. About 30 % by vol- 
ume of the specimen was iron. 
1st experiment, continuous cyclic variation of m. m. ) 

f. 180 cycles per second ) 

2d experiment, 114 cycles per second 

3d " 79-91 cycles per second . • 



X)0327 

.00320 
•00548 
XXH58 
.00286 



.00425 
.0034c 




.00457 
.00318 
.02792 
.07476 

X>2(fJ0 
.01899 
.06130 
.02700 

.01445 
.01300 

•01365 

•OI4S9 
x>2348 

.0122 
J0156 

•0385 
.0120 



.0457 

•0396 
•0373 



* ** Trans. Am. Inst. Elect. Eng." January and ScpCamber, 189B. 
t See T. Gray, «* Proc Roy. Soc.** toL IrC 
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Table 374. 
ENERGY LOSSES IN TRANSFORMER 
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Determined by the wattmeter method. 

Loss per cycle per cc = Ati'-\-bHBy, where -^ = flux density in gausses and » = frequency in 

cycles per second, x shows the variation of hysteresis with B between 5000 and loooo gausses, 

and y the same for eddy currents. 





Thick- 


Designation. 


ness. 




CIQ* 


Unannealed 




A 


0.0399 


B 


.0326 


C 


.0422 


D 


.0381 


Annealed 
£ 


.0476 


F 


.0280 


G 


.0394 


H» 


.0307 


h 


.0318 
.0282 


L 


.0346 


B 


.0338 


M 


'O:^^^ 


N 


.0340 


P 


•0437 


Silicon steels 




Qt 


.0361 


R 


•03»5 


S 


•0452 


T 


•0338 


U 


.0346 


V* 


.0310 


w« 


•0305 


X 


.0430 



Ergs per Gramme per Cycle. 



zoooo Gausses. 



5000 Gausses. 



Hyste- 
resis. 



1599 
1 156 

1032 

1009 



563 

412 

341 
394 
3«i 
354 
372 
321 
334 



278 

250 

270 

251.5 

197 

200 






186 

«34 
242 

184 



236 

100 
210 
146 
202 
124 
184 
200 
178 
210 
184 



54 
42 

72 
60 
42 

47 
65 



Hyste- 
resis. 



562 
38 
35 
353 

246 
220 

138-5 
III. 5 

130 

"^ 
iro 

127 

105 

107 



98 

93 

9° 
78 

86 

62.3 
64.2 






46 

36 
70 
48 



58 
27 

54 
39 
55 

32 
50 

57 
46 

56 

50 



15 
II 

18 

18 

12 

13 
12.4 

16.6 



1.51 

1-59 
1.51 

1.52 



1.54 
1.58 

1.62 

1.61 

1.61 

1.61 

1.62 
1.64 



1.63 
1.64 
1.63 
1.68 
1.66 
1.68 
1.67 
1.65 



2.02 
1.89 
1.79 
1.94 



2.02 
.88 
.96 



.81 
•95 



0.00490 
.00358 
.00319 
.00312 



.00227 
.00206 
.00174 
.00127. 
.00105 
.00122 
.00118 
.00110 
.00115 
.00099 
.00103 



.00094 
.00089 
.00086 
.00077 
.00084 
.00078 
.00061 
.00062 



Watts per Pound at 60 Cy^ 
des and loooo Gausses. 









9 b 



0.41 
044 
0.47 
0.44 



0.36 
0.44 
0.47 
0.54 
0.70 
0.54 

0-535 
0.61 

0-55 
0.63 

0.34 



0.14 
0,15 
0.12 
0.18 
ai2 
0.17 
0.16 
0.12 



Hyst^ 
rests. 



4.35 
314 
2.81 

2.74 



2.00 
I.81 

'•53 
1. 12 

0.93 
1.07 

1-035 
0.96 

I.OI 

0.87 
0.91 



0.825 
0.78 

0.755 
0.68 

0.735 
0.685 

0.535 
0.545 



TotiL 



4.76 

358 
3.28 

3.18 



2.36 
2.25 
2.00 
1.66 
1.63 
1.61 

157 

1.56 

1.50 
1.25 



0.965 

0.93 
0.875 

0.86 

0.855 

0.855 

0.695 

jo.665 



* Gerraan. t Enxlish. 

tin order to make a fsir comparison, the eddy current loss has been computed for a thickness of 0.0357 cm. (Gage 
No. 99)1 assuming the loss proportional to the thickness. 

Lloyd and Fisherp Bull. Bur. Standards, 5, p. 453 ; 1909. 

Vol*. —For formvla tad ttUM fnr tiM oalottUtlon of mvtaal tad Mil laAwtiaM Mt Bvllttia Buwv 
fli Standards, yoL 8, p. 1-437, 1812. 
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Table 376. 
MACNETO-OPTIC ROTATION. 



Faraday discovered that, when a piece of heavy glass is placed in magnetic field and a hcmk ' 
of plane polarized light passed through it in a direction parallel to the Unes of magnetic force, 
the plane of polarization ol the beam is rotated. This was subsequently found to oe the case 
with a large number of substancest but the amount of the rotation was found to depend on the 
kind of matter and its physical condition, and on the strength of the magnetic field and the 
wave-length of the polarized light. Verdet's experiments agree fairly well with the formula — 



• = ,/^(r-X^')J. 



where r is a constant depending on the substance used, / the length of the path through die ' 
substance, // the intensity of th^ component of the magnetic field in the direction of the path 
of the beam, r the index of refraction, and A the wave-length of the light in air. If /^ be dif« 
ferent, at different parts of the path, /^ is to be taken as the integral of the variation of mag* 
netic potential between the two ends of the medium. Calling this difference of potential v, we 
may write = Av^ where A is constant for the same substance, kept under the same physical 
conditions, when the one kind of light is used. The constant A has been called " Verdet's con- 
stant," * and a number of values of it are given in Tables 376-380. For variation with tempera- 
ture the following formula is given by Bichat : — 

^ = ^0(1— 0.00104/ — aooooi4/*), 

which has been used to reduce some of the results given in the table to the temperature corre* 
sponding to a given measured density. For change of wave-length the following approximate 
formula, given by Verdet and Becquerel, may be used : — 

where fi is index of refraction and X wave-length of light. 

A large number of measurements of what has been called molecular rotation have been made, 
particularly for organic substances. These numbers are not given in the table, but numbers 
proportional to molecular rotation may be derived from Verdet*s constant by multiplying in the 
ratio of the molecular weight to the dcnsitv. The densities and chemical formulae are given in 
the table. In the case of solutions, it has oeen usual to assume that the total rotation is simply 
the algebraic sum of the rotations which would be given by the solvent and dissolved substance, 
or substances, separately ; and hence that determinations of the rotary power of the solvent 
medium and of the solution enable the rotary power of the dissolved substance to be calculated. 
Experiments by Quincke and others do not support this view, as very different results are 
obtained from aifferent degrees of saturation and from different solvent media. No results thus 
calculated have been given in the table, but the qualitative result, as to the sign of the rotation 
produced by a salt, may be inferred from the table. For example, if a solution of a salt in water 
gives Verdet's constant less than 0.0130 at 2cP C, Verdet's constant for the sadt is negative. 

The table has been for the most part compiled from the experiments of Verdet,t H. Beoqoe- 
rel,t Quincke, § Koepsel.H Arons,ir Kundt,** Jahn,tt Schonrodt,ti Gordon, §§ Rayleiffh and 
Sidgewick.|||| Perkin.tlT Bichat*** 

As a basis for calculation, Verdet's constant for carbon disulphide and the sodium line I? has 
been taken as 0.0420 and for water as aoi30 at 20^ C. 

* The constancy of this quantity hat been verified throogh ■ wide nmge of variatioB of magnetic fidd by 



35), p. »37. «888. 
3] vol. 5a, p. 189, 1858. 
SJ vol. la; " C. R.'' volt. 90, p. 1407, 1880, and 100, p. 1374, 1885. 



H. E. J. G. Du Bois (Wied. Ann. vo 
t " Ann. de Chim. ct de Phys." 
t •• Ann. de Chim. et de Phys." 
§ »• Wied. Ann.»» vol. 24, p. 606, I'SSs. 
II '• Wied. Ann." vol. 26, p. 456, 1885. 
t "Wied. Ann." vol. 24, p. 161, 1885. 
** "Wied. Ann." vols, as, p. aaS, 1884, and 27, p. 191, 1886. 
tt " Wied. Ann." vol. 43, p. a8o, 1891. 
it "Zeits. filr Phys. Chem." vol. 11, p. 753, 1893. 
U " Proc. Rov. Soc." 36, p. 4, 1883. 
llll "Phil. Trans. R. S." 176, p. 343, 1885. 
fU "Tour. Cheni. Soc." 
*** " Jour, de Phys." volt. 8, p. ao4, 1S79, and 9, p. 204 and p. 175, iSSo* 
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Subatanet. 


Fonnnla. 


Ware. 

length. 


Vcfdet^a 
Conatant. 
Minutes. 


Temp. C. 


Authority. 


Amber . • ■ • r - 




0.589 

M 


0.0095 
0.2234 
0.01 27 


18-20® 


Quincke. 

BecqucreL 
(I 


* m Baa m^^^m ■ v ■ ■ r 

Blende 




ZnS 


A ^^ aVV^ 


Diamond .... 




C 


« 


Lead borate . . 




PbB,04 


M 


0.0600 




M 


Selenium .... 




Se 


0.687 


0.4625 
aoi70 




<: 


Sodium borate . . 




NasBfOf 


u 


Ziqueline .... 




CuiO 


0.5908 




u 


Fliiontc • • • ■ 1 


CaFlfl 


0.2534 
•3655 

•435? 


0.05989 
.02526 


20 


Meyer, Ann. der 
Physik, 30* 1909. 


A •^•^^•••^ff V V V V < 


II 






.01717 


M 








.4916 
.589 


.0M29 
.00897 


M 








1.00 


.00300 


U 








2.50 


.00049 


M 




Glass, Jena : Medium p 




300 
0.589 


.00030 
0.01 6 1 


M 
18 


DuBois, Wied. Ann. 


ihosphate crn. 


Heavy crc 


>wn, O1143 . 


*i 


0.0220 


l< 


51. 1894. 


Light flint 


; O451 . 


<i 


0.0317 
0.0608 


M 




Heavy flir 


It O500 


i< 


l( 




« « 


S163. . 


It 


0.0888 


M 




Zeiss, Ultraviole 


t 


0313 


0.0674 


16 


Landau, Phys. ZS. 


II 




0.405 
0.436 
0.2194 


.0369 


l< 


9, 1908. 


II 
Quartz, along axis, i.e. 




.0311 
0.1587 


M 

20 


Borel, Arch. sc. phys. 


SiO, 


plate cut 1 to axis 




•2573 
.3609 


.1079 
.04617 


II 


16, 1903. 






.4800 


.02574 
x>i664 


M 








.5892 
.0439 


M 








.01368 


M 




Rock salt 


NaCl 


0.2599 
.3100 


0.2708 
.1561 


20 
il 


Meyer, as above. 


^^^^^••» •*••• V • V ■ V ^ 






.4046 


^75 


<l 








.4916 


.0483 


M 








.6708 


.0245 


M 








I.OO 


.01050 
.00262 


M 








2.00 


M 








4.00 


.00069 


M 




Sugar, cane : along 


CmHmOu 


0.451 


.OT22 


20 


Voigt, Phys. ZS. 9, 


axUIIA 




.540 
.626 


.0076 


M 


1908. 






.0066 


M 




axis IIA^ . . 


^ 


0.451 


0.0129 


« 








.540 
.626 


.0084 


« 








•0075 


M 




Svlvine • ■ • • • 


KCl 


04358 


0.0534 
.0316 
X>2012 


20 

*i 

i< 


Meyer, as above. 


^^ W A W m^M^0 V ■ ■ * * 






.90 


/>I051 


u 








1.20 


.00608 


II 








2.00 


/X>207 


u 








4.00 


.00054 


M 
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Chemical 
formula* 


Density, 
grams 


Verdet's 
constant 

• • 


Temp. 
C. 


• 


Chemical 
formula. 


Density, 
grams 


Vcrdet's 
constant 


Temp. 
C. 


• 




per c. c. 


tn mmutes. 








perc. c. 


m mmutes. 






CsHeO 


0.9715 


0.0129 


2CP 


J 


LiCl 


I.0619 


0.0145 


20® 


J 


HBr 


'•3775 


0.0244 


(( 


p 


11 


I.0316 


0.0143 


14 


II 


M 


I.I163 


0.0168 


tt 


a 


MnCla 


I.1966 


0.0167 


15 


B 


HCl 


I-I573 


0.0204 


•i 


K 


41 


1.0876 


0.01 50 


44 


M 


*< 


1.0762 


0.0168 


it 


II 


HgCla 


I.0381 


0.0137 


16 


s 


«« 


ix)i58 


0.0140 


tt 


J 


41 


1.0349 


0.0137 


II 


II 


HI 


1.9057 


0.0499 


tt 


P 


NiCla 


1.4685 


0.0270 


15 


B 


u 


1.4495 


0.0323 


it 


M 


14 


1.2432 


0.0196 


II 


14 


u 


1. 1760 


0.0205 


tt 


II 


II 


1-1233 


0.0162 


II 


14 


HNOt 


1.-560 
0.8918 


0.0105 


ti 


II 


KCl 


1.6000 


0.0167 
0.0142 


l< 


l( 


NHg 


0.0155 
0.0226 


15 


«• 


II 


1.0732 


20 


J 


NHiBr 


1.2805 
1. 1 576 


(» 


41 


NaCl 


1. 2051 


0.0180 


15 


B 


«» 


0.0186 


*• 


If 


41 


1.0546 


0.01^^ 


41 


14 


BaHra 


1-5399 


0.0215 
0.0176 


20 


J 


41 


I.0418 


0.0144 


II 


J 


u 


1.2855 


(t 


41 


SrCla 


I.1921 
1.0877 


0.0162 


U 


41 


CdBra 


1.3291 


0.0192 


u 


11 


44 


0.0146 


II 


If 


«( 


1.1608 


0.0162 


It 


14 


SnCla 


1.3280 


0.0266 


15 


V 


CaBra 


1.2491 


0.0 1 89 


14 


M 


11 


I.III2 


0.0175 
0.0196 


II 


•1 


1 " 


'•'337 


0.0164 


l( 


II 


ZnCla 


I.2851 


II 


11 


i KBr 


1.1424 


0.0163 


tt 


11 


II 


1.1595 


O.O161 


f< 


II 


M 


1.0876 


0.0151 


tt 


M 


KaCrO* 


1.3598 


0.0098 


II 


44 


NaBr 


1.1351 
1.0824 


0.0165 


« 


II 


KaCrjOT 


1.0786 


0.0126 


II 


41 


<t 


0.01 1;2 


tt 


11 


Hg(CN)a 


1.0638 


0.0136 


16 


s 


SrBr, 


1. 2901 


0.0186 


U 


II 


ti 


1. 0601; 
1.5948 


0.0135 


II 


41 


<i 


1.1416 


0.0159 


n 


14 


NH4I 


0.0396 


15 


P 


KjCO, 


1. 1906 


0.0140 


20 


41 


II 


I.5109 


0.0358 


ll 


4l 


NajCOa 


1. 1006 


0.0140 


(« 


41 


11 


1.2341 


0.0235 


M 


41 


M 


1.0564 


00137 


It 


14 


Cdl 


I.5156 


0.0291 


20 


J 


NH4CI 


1.07 18 


0.0178 


15 


V 


41 


1.1521 


0.0177 


II 


41 


BaCls 


1.2897 


0.0168 


20 


J 


KI 


1.6743 
I •3398 


0.0338 


«s' 


B 


u 


'•1338 


0.0149 


« 


11 


44 


0.0237 


M 


II 


CdCla 


'•3179 


0.0185 


<« 


14 


II 


1.1705 


0.0182 


II 


II 


u 


'•2755 


0.0179 


tt 


l< 


Nal 


11939 


0.0200 


l< 


J 


u 


1.1732 


0.0160 


u 


II 


II 


I.II91 


0.017s 


l< 


4< 


tt 


'•1531 


0.0157 


tt 


u 


NH4NOa 


1.2803 


0.0121 


15 


P 


CaCla 


1. 1504 
1.0832 


0.0165 


tt 


tt 


KNOa 


1.0634 


0.0130 


20 


J 


u 


0.0152 


tt 


tt 


NaNOa 


I.III2 


0.0131 


l< 


44 


CuCla 


1.5158 


0.0221 


15 


B 


UaOaNaOa 


2.0267 


0.0053 


l< 


B 


1 


'•I330 


0.01 56 


M 


14 


»f 


1.2286 


0.01 1 5 


U 


II 


FcCla 


"•433 1 


0.0025 


15 


II 


(NH4)2S04 


0.0140 


20 


P 


1 i< 


1.2141 
1.1093 


0.0099 
0.01 18 


t* 
tt 


II 
M 


NH4.HS04 

BaSC)4 


i!i788 


0.0085 
0.0134 


44 

J 


1 FeaCl. 

i <* 


1-6933 
'•53'5 


— 0.2026 
— 0.1 140 


<t 
«« 


M 
II 


14 

CdSO* 


1.0938 
1. 1762 


0.0133 
0.0139 


41 
« 


41 
41 


1 " 


X.3230 


—0,0348 


« 


II 


M 


1.0890 


0.0136 


<l 


44 


« 


1.1681 


—0.0015 


II 


II 


Li8S04 


1. 1762 


0.0137 


« 


44 


« 


1.0864 


0.0081 


u 


II 


MnS04 


1.2441 


0.0138 


l< 


44 


<l 


1.0445 


0.01 13 


II 


II 


KaS04 


1-0475 


0.0133 


« 


41 


M 


1.0232 


0.0122 


(1 


II 


NaS04 


1. 0661 


0.0135 


« 


4< 



* J, Jahn, P, Perkio, V, Verdet, B, Becqoerel, S, SchOnrock; see p. 336 for references. 
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Tables 370, 880. 



TABLE 878.~Xa«]i0to-OFtlo ButitlOB. 



OaiM. 









Verdet** 






Substance. 


PreMure. 


Temp. 


constant in 
minutes. 


Anthority. 




Atmospheric air • • . . 


Atmospheric 


Ordinary 


6.83 X !&-• 


Becquerel 




Carbon dioxide 








M 


13.00 " 




Carbon disulphide . 








74 cms. 


70<>C. 


^^i !! 


Bichat. 




Ethylene 








Atmospheric 


Ordinary 


34-*^ u 


BecquereL 




Nitrogen 








it 


u 


6.92 « 




Nitrous oxide . . 








tt 


u 


16.90 « 


U 




Oxygen . . , 
Sulpnur dioxide ■ 


1 * 






tt 


u 


6.28 " 


u 




1 a 






tt 


u 


3».39 *• 


u 




U U 

• • • • 


246 cms. 


20«C. 


38.40 " 


Bichat 




















i 



See also Siertsema, Ziting. Kon. Akad. Watt., Amsterdam, 7, 1899; 8, 190a 

Du Bois shows that in the case of substances like iron, nickel, and cobalt which have a variahle 
magnetic susceptibility the expression in Verdet's equation, which is constant for substances of con- 
stant susceptibility, requires to be divided by the susceptibility to obtain a constant. For this 
expression he proposes the name ** Kundt's constant. These experiments of Kundt and Du 
Bois show that it is not the difference of magnetic potential between the two ends of the medium, 
but the product of the length of the medium and uie induction per unit area, which controb the 
amount of rotation of the beam. 



TABLB 88a— VfrtefB tnd Kiuftt's Oourtatii 



The following short table is cfuoted from Dn Bois* paper. The quantities are stated in c. c. s. 
measure (radians) being used in the expression of " Verdet*s constant '* and " Kundt^B co 



constant.' 



Name cl substance. 


Magnetic 
susceptibility. 


Verdet's constant 


Wave-length 
of light 
in cms. 


Kondt's 
constant 


Number. 


Authority. 


Cobalt • 

Nickel . 

Iron 

Oxveen : i atmo. . 

Sulpnur dioxide 

Water 

Nitric acid • 

Alcohol . • 

Ether. . 

Arsenic chloride 

Carbon disulphide . 

Faraday's glass 


4- 0.0126 X10-* 

— 0.0694 " 

— 0.0633 '* 

— 0.0566 •* 

— 0.0541 ** 

— ao876 ** 

— ao7i6 ** 
—0.0982 « 


0.000179 X 10"* 
0.302 " 

0.377 

0.356 •* 

0.330 " 

0.31 5 ;; 
1.222 " 

1.222 " 

1.738 


BecquereL 

Arons 

Becquerel. 

De la Rive. 
it 

Becauerel. 

Rayleigh. 

Becquerel. 


6.44 XIO-* 
6.56 •* 

5i9 : 

M 
M 
U 

n 

M 
M 
« 


3-99 

2.63 
0.014 

-5.8 

—14.9 
—1 7.1 

—17.7 



8111TNSONIAN Tables. 



Tables 381 -383. 
TABLB S«l.~ VtliiM of Km*! OaulnL* 



331 



Da Bob has shcnra that the rotation of the major axis of vibration of radiations normally reflected from a ma^et is 
algebraically equal to the normal component of magnetizaiion multiplied into a constant K, He calls this con- 
it A', Kerr's constant for the magnetised substance forming the magnet. 



Color of light. 



Red . 
Red . 
Yellow 
Green 
Blue . 
Violet 



Spectrum 
line. 



Li a 

D 
b 
F 
G 



Wave- 
length 
in cms. 
Xio^ 



67.7 
62.0 
58.9 

51-7 
48.6 

43-1 



Kerr's constant in minutes per c g. s. unit of magnetisation. 



Cobalt. 



—0.0208 
—0.0198 
—0.0193 
—0.0179 
^0.0180 
—0.0182 



Nickel. 



—0.0173 
—0.0160 
—0.0154 
—0.0159 
—0.0163 
.0175 



Iron. 



).OI54 

).oi38 
).oi30 

>.0I 1 1 
>.OIOI 

>.oo89 



Magnetite. 



+0.0096 
+0.0120 
+0.0133 
+0.0072 
+0.0026 



• H. E. J. G. Du Bois, " PhU. Mag." vol. 29^ 



TABLB 382. -DUptnion of Kaxr Bffoot 



Wave-length. 


0.5M 


i.qbi 


I'SM 


S.Ofl 


as** 


dteci ■ . • 
Cobalt . . . 
Nickel . . . 


—II'. 

-9-5 
- 55 


-16^. 
— 11.5 
— 4.0 


-14'. 

— 9-5 



—II'. 

—II. 

+I.7S 


-9^.0 

-6.5 

+30 



Field Intensity= 10,000 C. G. S. units. (Intensity of Magnetization := about 800 in steel, 700 to 800 in cobalt, 
iboat 400 in nickel). IngersoU, Phil. Mag. 11, p. 41* 1906. 







TABLB 383. 


— Dlsptnlaa of Kon Bffoot 








Minor. 


Field 
(C. G. S.) 


.4'/* 


•441* 


.48** 


.S^M 


'^ 


.6oj«i 


.64M 


.66|i 


Iron . . 


21,500 


-•25 


—.26 


—.28 


—•31 


-36 


—.42 


—•44 


-•45 


Cobalt . . 


20,000 


-36 


—•35 


—•34 


-•35 


-•35 


—•35 


—•35 


-.36 


Nickel. . 


19,000 


—.16 


— -'S 


—•13 


—•13 


—.14 


—.14 


—.14 


—.14 


Steel . . 


19,200 


—.27 


—.28 


—31 


—•35 


-38 


—.40 


—.44 


-•45 


Inyar . . 


19,800 


— .22 


—.23 


— 24 


—•23 


—•23 


—.22 


—•23 


—•23 


Magnetite 


16,400 


—.07 


—.02 


+.04 


+.06 


+.08 


+.06 


+.04 


+.03 



Foote, Phys. Rev. 34, p. 96, 1912. 

See also IngersoU, Phys. Rev. 35, p. 31a, 1912, for "The Kerr Rotation for Transverae Magnetic Fields,*' and 
BOW, 1. c a, p. 39, 191 3, " Magneto-optical Parameters of Iron and Nickel" 
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Table 384. 
MAGNETIC SUSCEPTIBILITY. 



If 91 is the intensity of magnetization produced in a sabstance by a field strength W» then the 
magnetic susceptibility H = 9I/|^. This is generally referred to the unit mass; italicized figures 
refer to the unit volume. The susceptibility depends greatly upon the purity of the substance, es- 
pecially its freedom from iron. The mass susceptibility of a solution containing p per cent by weight 
of a water-free substance is, if Ho is the susceptibility of water, (p/xoo) H -f (i — p/ioo) Ho. 



SulMtance. 



Ag 

AgCl 

Air, I Atm .... 
Al 

AlsK2(S04)424H20 

A, I Atm .... 

As 

Au 

B 

HaClj ...... 

Be 

Bi 

Br 

C, arc-carbon . . 
C, diamond . . . 
CH4, I Atm.. . . 
CO3, I Atm. . . . 

CSa 

CaO 

CaCls 

CaCOa, marble . . 

Cd 

CeBra 

CI2, I Atm. . . . 

CoCla 

CoBra 

C0I2 

C0SO4 

Co(NOg)a. . . . 

Cr 

CsCl 

Cu 

CuCIa 

CuSO* 

CuS 

FcCI. 

FeCla 

FeS04 

Fea(N08)6. . . . 
FeCn(jK4 .... 
FeCncKg .... 
He, I Atm. . . . 
Hg, I Atm. . 
Ha, 40 Atm. . . . 

HaO 

HCl 

H2SO4 

HNOa 

Hg 

I 



In . . 
Ir. . . 
K. . . 
KCl . . 
KBr. . 
KI . . 
KOH . 
KaS04 . 
KMnOi 
KNOt . 



HXio* 



—0.19 

-{-0.024 
•-I-0.65 

— 1.0 

— o./o 

—0.3 

. -CIS 
—0.71 
-0.36 
+0.79 
—1.4 
—0.38 
— 2.0 
— 0.49 
-{-0.001 
-\-a.oo2 
—0.77 
—0.27 
— 0.40 
— 0.7 
— 0.17 

+6.3 
—0.59 

+90. 
+47- 
+33- 
4-57. 
+57. 

—0.28 

— 0.09 

+ 12. 
+ 10. 

+0.16 
+90. 
+90. 
+82. 

+ 50- 
—0.44 

+9.1 

— 0.002 

0.000 

0.000 

—0.79 

— 0.80 

•¥0.78 

— o.yo 
—0.19 
— 0.4 

o.i-l- 
+0.15 
+0.40 
— 0.50 
—0.40 
—0.38 

-0-35 
^^5.42 

+2.0 
33 



I 



18° 

M 

o 
18 
18 
18 
20 

\l 

18 
18 
18 
16 
t6 
18 
16 

19 

18 
18 
16 
18 
18 
18 

i§ 
18 

>7 
18 

20 
20 

\l 

18 
20 
18 



O 
16 
16 
20 
20 
20 
20 
20 
20 
18 
18 
20 
20 
20 
20 
22 
20 

20 



Remarks 



Crys. 



Powd. 



Powd. 

<4 



Sorn 



(i 

M 

l« 
u 



Powd. 

SoPn 

Sol'n 

Powd. 

SoPn 

u 
u 
u 

Powd. 
«l 



SoPn 



Sabitance. 



KaCOs 
Li . 



Mb 

Mg 

MgS04. . . . 
Mn 

MnCla . . . . 
MnS04. . . . 
Na, I Atm. . . 
NH, . . . . 

Na 

NaCl . . . . 
NaCO,. . . . 
NaCOa. 10 HaO 

Nb 

NiCla . . . . 
NiS04 . . . . 
O2, I Atm. . . 

Os 

P, white . . . 
P, red ... , 

Pb 

PbCla . . . . 

Pd 

PrCla . . . . 

Pt 

P1CI4 . . . . 

Rh 

S 

SOa, I Atm. . . 

Sb 

Se 

Si 

Si02. Quartz . . 
— Glass. . . . 

: Sn 

SrCla . . . . 



Ta 

Te . . . . 

Th . . . . 

Ti . . . . 

Va . . . . 

Wo ... . 

Zn . . . . 

ZnS04 . . . 

Zr . . . . 

CHgOH . . 

C2H5OH . • 

CaHyOH . . 

C2H50CaH5 . 

CHCla . . . 

CeHe . . . 

Ebonite . . 

Glycerine . . 

Sugar . . . 

Paraffin . . 

Petroleum. . 

Toluene . . 

Wood . . . 

Xylene . . . 



HXio* 



— 0.50 
+0.38 
+0.04 

+0-55 
—0.40 

+ 11. 

+122. 

+100. 

0.001 

— I.I 

+0.51 

—0.50 

— 0.19 

— 0.46 

+ 1.3 
+40. 

+30- 
+0.120 

+0.04 

— 0.90 

—0.50 

— 0.12 

— 0.25 

+5.8 

+ 13. 
+1.1 

0.0 

+ 1.1 

-0.48 

— 0.30 

—0.94 

—0.32 

— 0.12 

—0.44 

+0.03 
— 0.42 

+0.93 
— 0.32 

+0.18 

-f-3.1 
+ I-S 

+0.33 
— 0.15 
— 0.40 
— 0.4S 

—0.73 
— 0.80 

-^.80 

^0.60 

.78 
+/./ 

-0.64 

—0.57 

—o.j8 

—0.91 

—0.77 

— 0.2-5 

—0.81 



— • — 

a 

I" 



20'^ 

18 
18 

18 
18 
18 
16 

18 
20 

17 

17 
18 
18 
20 
20 
20 
20 
20 
20 

;i 

18 
18 
22 
18 
18 
16 
18 
18 
18 
20 

20 
20 
18 
20 
18 
18 
18 
20 
18 

18 



20 



22 



Remarks 



SoPn 



SoPn 



Powd. 



i« 



SoPn 



Powd. 
SoPn 
SoPn 



Crys. 



SoPn 



Values are mostly means taken of values given In Landolt-BOmstein*s Physikalisch-chemische Tabellen. See etpe- 
dalljr Honda, Annalen dsr Physik (4), 3s, 1910. 
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Proportional Valuet of Resistance. 






1 


H 


— X92* 


-I3S* 


— lOO* 


-37' 


0' 


+i8" 


+60° 


+ XOOO 


+183° 


o 


0.40 


0.60 


0.70 


0.88 


;.oo 


1.08 


X.25 


X.42 


1.79 " 


3000 


Z.16 


0.87 


0.86 


0.96 


1.08 


X.II 


X.26 


x-43 


1.80 


4000 
OOOO 


2.32 


I.3S 


1.20 


1. 10 


x.x8 


X.2X 


1.3X 


X.46 


Z.82 


4.00 


2.06 


X.60 


X.29 


X.30 


X.32 


1^9 


X.51 


1.85 


8000 


S.90 


2.88 


2.00 


X.50 


1.43 


IJ^2 


X.46 


X.S7 


1.87 


lOOOO 


8.60 


3.80 


a.43 


1.72 


I.S7 


X.S4 


1.S4 


x.62 


1.89 


12000 


10.8 


476 


2.93 


2.16 


1.71 


1.67 


X.62 


1.67 


X.92 


X4OOO 


12.9 


S.82 


3.50 


X.87 


X.80 


X.70 


1.73 


\^ 


16000 


15.2 


6.9S 


4.11 


2.38 


3.02 


X.93 


1.79 


x.80 


18000 


17.S 


8.15 


4.76 


2.60 


2.18 


2.06 


1.88 


1.87 


X.99 


20000 


19.8 


950 


S~40 


2.81 


2.33 


2.20 


1.97 


X.9S 


3.03 


3SO0O 


2S'S 


13.3 


7.30 


3. SO 


2.73 


2.52 


3.32 


3.10 


3.09 


3OO0O 


30.7 


18.2 


9.8 


4.20 


3.17 


2.86 . 


2.46 
3.69 


2.28 


3.17 


3SO0O 


35-5 


20.35 


X2.2 


495 


3.62 


3.2s 


2^5 


2.35 



TABLE 380. — InorMM of RatlitaiiM of Hldkrt du to a TnuurnrM Kognotio 
nold, ozprouod aa % of Boalataaoa at 0^ and H=0. 



H 


-190° 


-75*» 


oo 


+x8o 


+I00O 


+X82O 





+0 

















1000 


+0.20 


+0.23 


+0.07 


+0.07 


+0.96 


+0.04 


2000 


+0.17 


+0.16 


+0.03 


+0.03 


+0.72 


—0.07 


3000 


0.00 


—0.05 


-0.34 


-^0.36 


—0.14 


—0.60 


4000 


—0.17 


-0.15 


—0.60 


—0.72 


—0.70 


— X.IS 


6000 


—0.19 


—0.20 


—0.70 


—0.83 


— 1.02 


-I.S3 


8000 


—0.19 


—0.23 


—0.76 


—0.90 


— x.is 


-1.66 


xoooo 


-0.18 


—0.27 


-0.82 


-0.95 


— 1.23 


-1.76 


X2000 


—0.18 


—0.30 


—0.87 


— I.OO 


— 1.30 


— 1.85 


14000 
16000 


-0.18 


-0.3a 


—0.91 


— 1.04 


-1.37 


-1.95 


—0,17 


-0.35 


-0.94 


— 1.09 


-1.44 


— 2.05 


18000 


—0.17 


—0.38 


—0.98 


— 1. 13 


-I.5I 


-2.15 


20000 


—0.16 


—0.41 


— 1.03 


-1. 17 


-1.59 


— 2.^5 


25000 


—0.14 


-0.49 


— 1. 12 


— x.29 


— r.76 


—2.50 


30000 


— O.I3 


—0.56 


— 1.22 


— 1.40 


-1. 95 


-2.73 


35000 


— O.IO 


—0.63 


— 1.32 


—1.50 


-2.13 


—2.98 



F. C. Blake, Ann. der Physik, 28, p. 449; X909. 



TABLE 887. — Ohance ol Roalitanoo of Various Metals In a TnuiSTono Kagnotio Field. 

Room Temperatnre. 



Metal. 


Field Strength 
in Gausses. 


Percent 
Increase. 


Authority. 


Nickel 


lOOOO 


— X.3 


Williams. Phil. Mag. 9. 1905. 


•* 


•• 


-1.4 


Barlow, Pr. Roy. Soc. 71. 1903. 


t» 


6000 


— I.O 


Dagostino, Atti Ac. Line. 17, 1908. 


M 


xoooo 


-1.4 


Grummach, Ann. der Phys. 22, X906. 


Cobalt 


(t 


—0.53 


•t 


Cadmium 


«< 


+0.03 


•« 


Zinc 


it 


+0.01 


M 


Copper 


<« 


+0.004 


• 1 


Silver 


<4 


+0.004 


4« 


Gold 


«« 


+0.003 


4* 


Tin 


t« 


+0.002 


4* 


Palladium 


4< 


+0.001 


•« 


Platinum 


«< 


+O.OOOS 


4« 


Lead 


«4 


+0.OO0A 


•« 


Tantalum 


<• 


+0.0003 


• < 


Magnesium 


6000 


+0.01 


Dagostino, I. c. 


Manganin 


• • 


+0.01 


• « 


Tellurium 


? 


+0.02 to 0.34 

+0.02 to 0.16 


Goldhammer, Wled Ann. 31. 1887. 


Antimony 


? 


«> 




Different speamens show vtry 


Grummadi, /. c. 


Iron 


diverse results, usually an in- 


Barlow, I. c. 


crease in weak fields, a decrease 


Williams. /. c 




in strong. 




Nickel steel 


Alloys behave i 


rimilarly to iron. 


Williams, I. c. 



nrHsoNiAN Tables. 



334 



Tables 388y389. 
TABLE 388.— TraasrarM Qalvmmnignetio and Thanomnafnatio Bffaoti. 



Effects are considered positive when, the magnetic field being directed away from the observer, 
and the primary current of heat or electricity directed from left to right, the upper edge of the 
specimen has the higher potential or higher temperature. 

.£= difference of potential produced; 7'= difference of temperature produced; /=primafj 
dt 
current; -j^ = primary temperature gradient; ^ = breadth, and Z? = thickness, of spedmen: 

H^ intensity of field. C. G. S. units. 

Hall effect (Galvanomagnetic di£ference of Potential), E = R~f< 

TTT 

Ettingshausen effect ( " u u Temperature), T— P-jy 



Nemst effect (Thermomagnetic 
Leduc effect ( 



(t 



<i 



<« 



dt 



•* Potential), E = QHB^ 



dt 



" Temperature), T=SHB^ 



Substance. 



Tellurium 
Antimony . 
Steel . . . 
Heusler alloy 
Iron . . . 
Cobalt . . 
Zinc . . . 
Cadmium 
Iridium . . 
Lead . . . 
Tin. . . . 
Platinum . . 
Copper . . 
German silver 
Gold . . . 
Constantine . 
Manganese . 
Palladium . 
Silver . . . 
Sodium . . 
Magnesium . 
Aluminum . 
Nickel . . 
Carbon . . 
Bismuth . . 



Values of R, 



-f400 to 8oo 
4- 0.9 ** 0.22 
-f-.oi 2 " 0.03;; 
-j-.oio " 0.02? 
-f.007 " 0.0 1 1 
+.0016 " 0.0046 

+.00055 

+.00040 

+.00009 

— .00003 

— .0002 

— .00052 

— .00054 

— .00057 to .00071 

— .0009 

— .00093 

— 0007 to .0012 

— .0008 " .0015 

— .0023 

— .00094 to .0035 

— .00036 " .0037 

— .0045 ** .024 

— .017 

— up to 16. 



/»Xio». 



+200 

+2 
—0.07 

—0.06 
+0.01 



+ao4 to a 19 
+3 to 40 



OXio». 



+360000 
+9000 to 18000 
— 700 •* 1700 
+1600 ** 7000 
— 1000 " 1500 
+1800 " 2240 
—54 •* 240 

up to — 5.0 

—5.0 (?) 
—4.0 (?) 



to 270 



+50 to 130 

—46 •* 430 



+2000 " 9000 
+ 100 

+ op to 132000 



^Xio». 



+400 
+200 

+69 

+39 
+13 
+13 

+5 



— 2 

—18 



—3 
—41 



—45 
— 200 



TABLE 369. — Vazlation of Hall Oonatant with tha Tampantora. 



Bismuth.^ 1 


Antimony.* 1 


H 


— i8aO 


-90° 


-«3° 


+".5^ 


+ IOO<> 


H 


—i860 


-79° 


+«i.5° 


+58° 


1000 

2000 
3000 
4000 
5000 
6000 


62.2 

55.0 

497 
45.8 
42.6 
40.1 


28.0 
25.0 
22.9 
21.5 
20.2 
18.9 


16.0 
15.I 

14.3 
13.6 
12.9 


13-3 
12.7 

12.1 

11.5 

II.O 

10.6 


7.28 

7.06 

6.95 
6.84 

6.72 


6160 


0.263 

0.252 
0.245 


0.249 
0.243 

02-35 


0.217 
0.2 II 
0.209 


0.203 








Bismuth. 


1 


H 


+ 14.5° 


— 


+104° 


las^ 


I 
I 


89° 
.42 




212° 


asgP 


aS9° 


969O 


aTOP 


890 


5.28 


2-57 


2.12 


1.24 


I.II 


0.97 


0.83 


0.77* 



* Rverdinpen, Comm. Phjs. Lab. Leiden, 58. 

* Melting-point. 



* Barlow, Ann. der Phys. 12, 1003. 

• Traubcnlwrjf, Ann. der Phys. 17, looy;. • Melting-point. 
Both tables taken from Jahn, Jahrbuch der RadioactivitSlt und Electronik, $,];>. 166; 1908, who hat ooQected data ol 

all observers and gives extensive bibliography* 

Bm/TH90NiAM Tables. 
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RONTQEN (X-RAYS) RAYS. 
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Rontgen niys are produced whenever an electric discharge passes through a highly exhausted 
tube. The disturbance is propagated in straight lines probably with the velocity of light, affects 
photographic plates, excites phosphorescence, ionizes gases and suffers neither deviation by mag- 
netic forces nor measurable refraction in passing through media of different densities. With ex- 
treme exhaustion in the lube they have an appreciable effect after passing through several milli- 
meters of brass or iron. The quality by which it is best to classify the rays is their hardness 
which is the greater the greater the exhaustion. It is conveniently measured by the amount of ab- 
sorption which they suffer in passing through a layer of aluminum or tin foil of standard thick- 
ness. The number of ions which the rays produce in i sec. in passing through i cu. cm. of a gas 
depends upon its nature and pressure. The absorption of any substance is equal to the sum of 
the absorption of the individual molecules and the absorption due to any molecule is independent 
of the nature of the chemical compound of which it forms a part, of its physical state, and probably 
of its temperature. 

TABLE 390. — lonlsatlQii duo to RSiitKtii Rtyi In Vixtou OasM. 



Gas. 


Relative ionization. 


Density. 


Soft rays, Strutt. 


Hard rays, Eve. 


Hydrogen 

Air 

Oxygen 

Carbon dioxide 

Cyanogen 

Sulphur dioxide 

Chloroform 

Methyl iodide 

Carbon tetrachloride 

Hydrogen sulphide 


.11 

I.oo 

1-39 

i.6o 
1.05 

7-97 

319 
72.0 

45-3 


.42 
I.OO 

2.3 
4.8 

^3'S 

4.9 

•9 


0.069 
I.OO 
I. II 

\M 

2.19 

432 
5-05 

1.18 



Strutt, Proc. Roy. Soc 73, p. 309, 1903 ; Eve, Phil. Mag. Q, p. 6x0, 1904. 

When Rontgen rays pass through matter they produce secondary Rontgen rays as well as cath- 
odic rays. The former are of two types : the first is like the original rays and may be regarded as 
scattered primary rays; the second type varies with the nature of the material struck and is in- 
dependent of the primary rays. If the atomic weight of the material struck is less than that of 
Calcium then the first type alone is present. The higher the atomic weight of the material struck 
the more penetrating is the secondary radiation given out. This is shown in the following table 
where A is the reciprocal of the distance (cm.) in A1. through which the rays must pass in order 
that their intensfty is reduced to 1/ 2.7 of its original intensity. 

TABLE 391. — Bfintgm SooondajT Rayi. 



Element. 


Cr. 


Fe. 


Co. 


Ni. 


Cu. 


Zn. 


As. 


Se. 


Sr. 


Ag. 


Sn. 


Atomic weight 
A 


52. 
367. 


55.8 
239- 


59.0 
>93- 


58.7 
160. 


6i.6 
139. 


65.4 
X06. 


75 -o 
61. 


79.3 
51- 


87.6 
35* 


108. 
6.7s 


119. 
4-33 

1 





The secondary cathodic rays seem to be independent of the material struck and of the intensity 
of the original rays. The velocity of these secondary rays depends upon the hardness of the orig- 
inal rays. The following table gives the thickness in cm. of the gas at 760 mm., o® C. neces- 
sary to reduce the energy of the cathodic rays to one half (t) as well as A as above defined. 

TABLE 392. — Rfintgen Saocmdary Oatliodlo Rayi. 



Element. 


t 


• 1 


Air. 


Hydrogen. 


Air. 


Hydrogen 


Fe 
Cu 
Zn 
As 
Sn 


.0080 

•0135 
.0164 

.0255 

.176 


.041 

•073 
.091 

1-37 


87.2 
51.9 
42.7 
27.4 

3-97 


17.0 

9.5 
11 

.5» 



BaiTHtONiAN Tables. 
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TablU 398,394. 
rANTCEN (X-RAYS) RAYS. 



TABLE 304. — Z-R>7 SpMtn lad A1 
Kaye has shown that an elemenl eicited by sufficiently rapid cathode rays emits characleristic 
Rdntgen radialioiis. These have lieen analyzed and the wave-lengtha obtained by Mosrley (Phil. 
Mag. 27, p. 703, igu) using a cry^ital »f potaiisium fertocyanide as a grating. The "K" sttieioi 
eletnenls shiTw* 2 tines, a and ft. the '* L" series several. The wave-lengths ot the s and $ litiesof 
each series are given in ihe following table. QK = (v/ivo)!; Qi,=-{v/ A vo)i where v is the 
frequency of the n line and vg the fundamental Kydlwrg frequency. The atomic number for die 
Kserics =Qk +' i f""" ""e L ae"es = QL + 7-4 approiinialely. ¥0 = 3.29X10". 



Elemcnl. 


.1i« 


Qk 


urn 


SliDC 


Elcm>M.L 


a'ii^. 


Ql 


Nunltar 


J,fc 


Al 


8.364 


>3 


7-912 


Zr 


6.091 


lli" 


40 




Si 




13.0 




6.729 


Cb 


5-749 


33-8 


41 


5-507 


CI 


4-75° 


16.0 


r? 




Mo 


54*J 


34-8 


4* 


5,187 


K. 


3 759 


18.0 


19 


3-463 


Ku 


4.861 


36-7 


44 


4.660 


Ca 


3.36S 


19,0 




3094 


Kh 


4.622 


37-7 


"i 




Ti 


i75« 






2.524 


Pd 


4.38s 


38,7 


4.r6S 




2-S"> 




n 


3.297 


Ae 


4-1-0 


39-6 






Cr 


1.30c 


=3.0 


24 


1,093 




36.9 


42,6 


50 




Mn 




34.0 


% 


i.8.f( 


Sb 


3-4SS 


43-6 


S' 


3-W5 


1 Fe 


1.946 


25.0 






2,676 


50.6 


57 


2,471 


Co 


..798 


26.0 


% 




Ce 


3.567 _ 


58 


=,360 


Ni 


1.662 


27.0 




]'r 


(M70 


5'-5 


n 


2,;6s 


Cu 


'549 


28.0 


29 




Nd 


2.381 


S^-5 


a 


Zn 


1-445 


29,0 


30 


..306 


Sa 


2.20S 


54-5 


62 


Yl 


0.838 


38. 1 


39 




Ku 


2.130 


&.(, 


55 


\ti 


Zr 


0.794 


J9I 


40 




Gd 


2.057 


68 


Cb 
Mo 


0.750 
0.721 


40.2 


41 
42 




Kr 


I.914 
1.790 


1.71' 

1-59' 


Ku 
Pd 


'^st 


1 


'i 




Ta 
W 


\M 


1' 


73 


1.33° 


Ag 


ol^ 






Os 


1-397 


69!! 


l.tol 














T.354 


]l 


l.lJi 












Pt 


1-316 


70.6 















Au 


1.287 


7'-4 


79 


1.091 



td.br 

m intCRer N which determines it» X-ray speclrum ; N is identified with the number of pool"" 

t,? of eleclridly in its atomic nucleus. The order of these atomic numbers (N) is thai of D» 

aiomicweightsexcept where the latter disaRtees with the order of the chemical properties. Kno" 



idensed is as follows: Every clement from Al to Au i 
mines its X-ray spectrum 1 N is identified with the r 



elem 



still u 



espond with all 1! 



imbcrs l>etw 



A aiul b a 






proportional to A (\-b)-, wnere A aiui D ate 1 
llzr in structure dilfering only in wave-lengths. 



:nc cnemicai properiies. ■^"'^ 
id 79 except 3. There are here 3 poM"" 
,- in the X-ray spectrum b apptoiimaW 
9. All X-rayspectraof cachteriesanB^ 



Tables 395-397. -RADIOACTIVITY. 337 

Kadioactivity is a property of certain elements of high atomic weight. It is an additive 
pruperty of the atom, dependent only on it and not on the chemical compound formed nor 
affected by physical conditions controlling ordinary reactions, viz : temperature, whether solid or 
liquid or gaseous, etc. 

with the exception of actinium, radioactive bodies emit a. /3, or 7 rays, a rays are easily at> 
sorbed by thin metal foil or a few cms. of air and are positively charged atoms of helium emitted 
with about 1/15 the velocity of light. They are deflected but very slightly by intense electric or 
magnetic fields. The $ rays are on the average mure penetrating, are negatively charged particles 
projected with nearly the velocity of light, easily deflected by electric or magnetic fields and 
identical in type with the cathode rays of a vacuum tube. The 7 rays are extremely penetrating 
and non-deviable, analogous in many respects to the very penetrating Kontgin rays. These rays 
produce ionization of gases, act on the photographic plate, excite phosphorescence, produce certam 
chemical reactions such as the formation of ozone or the decomposition of water. All radio- 
active compounds are luminous even at the temperature of liquid air. 

Table 398 is based very greatly on Rutherford's Radioactive Substances and their radiations 
(Oct. 191 2). To this and to Landolt-Bornstein Phvsikalisch-chemische Tabellen the reader is re- 
ferred for references. In the three radioactive series each successive product (except Ur. Y, and 
Ra. C2) results from the transformation of the preceding product and in turn produces the follow- 
ing. When the change is accompanied by the ejection of an a particle (helium, atomic weight = 4.0) 
the atomic weight decreases by 4. The italicized atomic weights are thus computed. Each pro- 
duct with its radiation decays by an exponential law ; the product and its radiation consequently 
depend on the same law. I = loe-^t where Iq = radioactivity when t = O, I that at the time t> 
and A the transformation constant. Radioactive equilibrium of a body with its products exists 
when that body is of such long period that its radiation may be considered constant and the 
decay and growth of its products are balanced. 

International radium standard : As many radioactivity measures depend upon the purity of the 
radium used, in 1912 a committee appointed by the Congress of Radioactivity ancl Electricity, 
Brussels, 1910, compared a standard of 21.99 mg. of pure Ra. chloride sealed in a thin glass tube 
and prepared by Mme. Curie with similar standards by Honigschmid and belonging to The 
Academy of Sciences of Vienna. The comparison showed an agreement of i in 300. Mme. 
Curie's standard was accepted apd is preserved in the Bureau international des poids et mesures 
at Sevres, near Paris. Arrangements have been made for the preparation of duplicate standards 
for governments requiring them. 



TABLB 396.— ReUttTo PlioiplioFMoenoe Ezoltad Ity Radium. 

(Becquerel, C. R. lag, p. 912, 1899.) 



Without icreen. Hexagonal zinc blende . 
" ** Ft. cyanide of barium . 

" *• Diamond 

" *' Double sulphate Ur and K 



13.36 
1.99 
1.14 
i.oo 



f( 



ft 



Calcium fluoride .30 



With screen 04 

> « . « .05 

. • * ■ X>I 

" " 31 

•• 02 



The screen of black paper absorbed most of the a rays to which the phosphorescence was greatly due. For the last 
oolomn the intensity without screen was taken as unity. The y rays have very little effect. 



TABLB 396. —Tilt ProdvotlQB of a Partlolei (Halliim). 
(Geiger and Rutherford, Philosophical Magazine, ao, p. 691, 1910.) 



Radioacthre substaiice (1 gram.) 



Uranium 

Uranium in equilibrium with products 

Thorium '* 

Radium ...... 

Radium in equillbriam with products 



a particles 


pel 


' sec. 


a-37 


Xio* 


9.7 


X io« 


a-7 


X 10* 


3-4 


X io»« 


13.6 


Xioi« 



Helium per year. 



a. 75 X 10— ■ cu. mm. 
11.0 X lo-s " •• 
3.1 X io-» " " 
39 
X58 









TABLB 397.— Htfttlas BffMt of RaOinm tad Iti BnuuiatloiL 

(Rutherford and Robinson, Philosophical Magaslne, 25, p. 31a, 1913.) 



Heating effect in gram<aIories per hour per gram radium 1 




a rays. 


^^lys. 


y rays. 


T'^'^l. 


Radium .... 

Emanation 

Radium A . . . 

Radium B -f- C . 


Hi 
30.5 
39.4 


4*7 


6% 


as- 1 

28.6 

30. S 

50.5 


Totals .... 


Z23.6 


4-7 


6.4 


134.7 



Other determinations : Hess, Wien. Rer. 121, p. i, iqia, Radium (;ilone) 25 i cal. per hour per gram. Mryrrand 
Hess, Wien. Ber. 121, p. 603, 1912, Radium in equilibrium, 132.3 gram. cal. per^,hour \^r gram. See also, Cailendar, 
Phys. Soc. Proceed. 23, p. s, 1910; Scbweidler and Hess, Ion. i, p. 161, 1909; .-\ugstrdro, Pbys. ZS. 6, 6S5, 1905, etc. 
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».o6 X le' em. per sec, i 



Table 398. 
radioactivity. 



Table 398 (<:•»•"'»'<') -RADIOACTIVITY. 
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fi^ coefficient of absorption for /3 rays in terms of cms. of aluminum, fii, of the 7 rays in cms. of 
lead so that if Jo is the incident intensity, J that after passage through d cms., J = Joe~^> 



URANIUM-RADIUM GROUP. 



Ur I 

Ur2 
UrX 

UrY 

lo 

Ra 

RaEm 

RaA 

RaB 

RaC 
RaCs 

RaD 

RaE 
RaF 



P rays. 



Absorption 
Coefficient =:^ 



cin 



—I 



15.510 



312 



13, 80, 890 

i3»S3 
13 

•33. -39 

43 



Velocity 
Light = I 



y rays. 



Absorption 
Co-ef . = Ml 



Wide range 



.52, .65 



.36 to .74 
.80 to .98 

•33. -39 
Wide range 



cm. 



—I 



•72 



4 to 6 

.50 



Easy abs. 



Remarks. 



I gram U emits 2.37 X 10* a particles per 
sec. 

Not separable from Ur i. 

fi rays show no groups of definite veloc- 
ities. Chemically allied to Th. 

Probably branch product. Exists in small 
quantity. 

Chemically properties of and non-separ- 
able from Thorium. 

Chemically properties of Ba. i gr. emits 

. per sec. in equilib. 13.6 X lo^^ a particles. 

Inert gas, density 11 1 H, boils — 65® C, 
density solid 5-6, condenses low pres- 
sure — 150° C. 

Like solid, has +. charge, volatile in H, 
400°, in O about 550°. 

Volatile about 400° C. in H. Separated 
pure by recoil from Ra A. 

Volatile m H about 430°, in O about 1000°. 

Probably branch product. Separated by 
recoil from Ra C. 

Separated with Pb. not yet separable from 
it. Volatile below 1000°. 

Separated with Bi. Probably changes to 
Pb. Volatile about 1000°. 



ACTINIUM GROUP. 



Act 

Rad. Act 
Act X 
Ac. £m. 

Act A 
Act B 
Act C 
ActD 



140 



Very soft 
28.5 



.217 (Al) 



Probably branch product Ur. series. 
Chemically allied to Lanthanum. 

Chemical properties analogous to Ra. 
Inert gas, condenses between — 120^ and 

—150° 
Analogous to Ra A; Volatile above 400^. 
" RaB. " " 700<». 

" " RaC. 

(Obtained by recoil). 



THORIUM GROUP. 



Th. 

Mes.Th. I 

Mes. Th. 2 
Rad. Th. 

Th. X 
Th. Em. 

Th. A 
Th. B 

Th. Ci 

Th. Ca 

Th. D 



K 
Rb. 



20 to 38.5 
About 330 

iia 
15.6 

24.8 



38, 102 
380, 1020 



.37 to .66 



•47 -SI 



.63 .72 



•3» -4, .93-S 



•S3 



Weak 



.46 



Volatile in electric arc. Colorless salts not 
spontaneously phosphorescent 

Chemical property analogous to Ra from 
which non-separable. 

Chemically allied to Th., non-separable 

from it. 
Chemically analogous to Ra. 
Inert gas, condenses at low pressure 

between — 120° and — 150®. 
-f charged, collected on — electrode. 
Chemically analogous to Ra B. Volatile 

above 630° C. 
Chemically analogous to Ra C. Volatile 

above 730**. 
Th.Ca and Th.D are probably respectively 

/3 and a ray products from Th.Ci. 
Got by recoil from Th.C. Probably 

transforms to Bi. 



Activity = 1/ 1000 of Ur. 
„ =i/sooofUr. 
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RADIOACTIVITY. 

TABLB 399.— Stopplnc Powen of Vaziou SutatanoM for a Rayii 

s, the stopping power of a substance for the a rays is approximately proportional to the square 

root of the atomic weight, w. 



Substance 


H2 


Air 


O2 


C2H2 


C2H4 


Al 


NaO 


CO, 


CHgBr 


CSa 


Fe 


9 • • • 


.24 


i.o 


1.05 


I. II 


^•35 


I.4S 


1.46 


1.47 


2.09 


2.18 


2.26 


^ w. . . 


.26 


I.O 


1.05 


1.17 


144 


^'37 


1.52 


I.5I 


2.03 


1.9s 


1.97 


Substance 


Cu 


Ni 


Ag 


Sn 


CftHe 


C5H12 


CsHbI 


ecu 


Pt 


Au 


Pb 


S • • • 


2.43 


2.46 


317 


3-37 
2.88 


3-37 


3-86 


313 


4.02 


4.16 


445 


4.27 


^ w. . . 


2.10 


2.20 


2.74 


3- S3 


3.06 


3-59 


3.68 


370 


3-78 



Bragg, Philosophical Magazine, ii, p. 617, 1906. 

TABLB 400.— AlMOzptloii of jS Rtyi I17 Vaxlmu Sntetanoot. 

/A, the coefficient of absorption for jS rays is approximately proportional to the density, D. 

Table 398 for fi for Al. 



See 



Substance . . 
I*/D .... 
Atomic Wt . 


B 

4.65 
II 


. c 

4.4 
12 


Na 

4-95 
23 


Mg 

51 
24.4 


Al 
5.26 

27 


Si 


P 
6.1 

31 


S 
6.6 

32 


K 

6.53 
39 


Ca 

6.47 
40 


Substance . . 
fi/D .... 
Atomic Wt. . 


Ti 
6.2 

48 


Cr 

6.25 

52 


Fe 


Co 
6.48 

59 


Cu 
6.8 

633 


Zn 
6.95 
65.5 


Ar 
8.2 

75 


Se 
8.65 

79 


Sr 
87.5 


Zr 

8.3 
90.7 


Substance . . 
m/d .... 
Atomic Wt. . 


Pd 
8.0 
106 


Ag 


Sn 
9.46 
118 


Sb 
9.8 
120 


I 
10.8 
126 


Ba 
8.8 

137 


Pt 
9-4 
195 


Au 

9.5 
197 


Pb 
10.8 
207 


U 
10. 1 
240 



For the above data the /3 rays from Uranium were used. 
Crowther, Philosophical Magazine, la, p. 379, 1906. 
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VABLE 401. — AbMXVtloB of 7 Rayt I17 Vtrlou SnbitvioM. 




Substance. 


Density. 


Radium rays. 


Uranium rays. 


Th. D. 
M(cm)-i 


Meso. Tha 
M(cm)-i 


Range ol 

thickness 














M (cm)-i 


loofi/D 


/i(cm)-i 


loofi/D 






cm. 


Hg . . 


13.59 


.642 


4.72 


.832 


6.12 






•3 to 3.5 


Pb . . 


11.40 


495 


4.34 


•725 


6.36 


462 


.620 


.0" 7.9 


Cu . . 


8.81 


•351 


398 


.416 


4.72 


.294 


•373 


.0 " 7.6 


Brass . 


8.35 


•325 


389 


•392 


4.70 


.271 


.316 


.0 " 5.86 


Fe . . 


7.62 


.304 


3-99 


.360 


4.72 


.250 


.0 " 7.6 


Sn . . 


7.24 


.281 


3.88 


.341 


4.70 


.236 


•305 


.0" 5.5 
.0 « 6.0 


Zn . . 


7.07 


.228 


3-93 


•329 


4.65 


.090 


.300 


Slate. . 


2.85 


.118 


4.14 


.134 


4.69 


- 


.0 " 9.4 


Al . . 


2.77 


.III 


4.06 


.130 


4.69 


.092 


.119 


.0 " 11.2 


Glass . 


2.52 


.105 


4.16 


.122 


4.84 


.089 


•"3 


.0 " n.3 
.0 " 1 1.6 


S . . . 


^•12 


.078 


438 


.092 


5.16 


.066 


.083 


Paraffin . 


.86 


.042 


4.64 


•043 


5.03 


.031 


.050 


.0 " 114 



In determining the above values the rays were first passed through one cm. of lead. 

Russell and Soddy, Philosophical Magazine, ai, p. 130, 191 1. 
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TABLK9 402-406. 34 1 

RADIOACTIVITY. 

TABLB 40a. —Total VvmlMr of Ions pndvood liy tho a, iS. lad y Rayii 

The total number of ions per second due to the complete absorption in air of the 3 rays due to i 
|gnm ol ladium is 9 Xio^S to the 7 rays, 13 Xio^^ 

The total number of ions due to the a rays from i gram of radium in equilibrium is 2.56X10^*. 
iU it be assumed that the ionization is proportional to the energy of the radiation, then the total 
ttofy emitted by radium in equilibrium is divided as follows : 92.1 parts to the a, 3.2 to the /3, 47 
|tDtlw7rays. (Rutherford, Moseley, Robinson.) 

TABLE 403. — Amouit of Radium BmawatlOB. Ovzlo. 

At the Radiology Congress in Brussels in 191 o, it was decided to call the amount of emanation 
jbeqpilibrium with i ^ram of pure radium one Curie. [More convenient units are the millicune 
l{iO"*Curic) and the microcurie (io~*Curie)]. The rate of production of this emanation is 1.24X10-' 
[OB. cm. per second. The volume in equilibrium is 0.59 cu. mm. (760 cm., 0>C.) assuming the emana- 
^tHm mon-atomic 

The Mache unit is the quantity of Radium emanation without disintegration products which 
[produces a saturation current of 10—* unit in a chamber of large dimensions, i curie = 2.5X10^ 
4Cache units. 

Hie amount of the radium emanation in the air varies from place to place ; the amount per cubic 
Qtntimeter of air expressed in terms of the number of grams of radium with which it would be in 
equilibrium varies from 24X10"" to 350X10-". 

TABLB 404^ Vapor PrMaaxo of tho Radium BmanatioB In omi. of Horeiiry. 

(Rutherford and Ramsay, Phil. Mag. 17, p. 723, 1909, Gray and Ramsay, Trans. 

Chem. Soc. 95, p. 1073, 1909.) 

Temperature C®. —127® — loi® —65® —56® — io*> +170 +490 4-73** +ioo<» 4-104® (crit) 
ITapor Pressure. 0.9 5 70 ico 500 1000 2000 3000 4500 4745 

TABLE 406. — Rotoraioos to Spootraof RadioaotlTO Siilwtaiiooi. 

Radium spectrum : Demar9ay, C. R. 131, p. 258, 1900. 

Radium emanation spectrum : Ruthenord and Royds, Phil. Mag. 16, p. 313, 190S ; Watson, Proc 

Roy. Soc. A 83, p. QO, 1909. 
Polonium spectrum: Curie and Debieme, Rad. 7, p. 38, 1910, C. R. 150, p. 386, 191a 

SMtTHSONIAN TABLCS. 



^A2 Table 406. 

MISCELLANEOUS CONSTANTS (ATOMIC, 

Elementary electrical charge, charge on electron, 1/2 charge 1 
on a particle, i 

Mass of an electron, 

Ratio e/m, small velocities, e/ 

Radius of an electron, 
Number of molecules per gram molecule, 
Number of gas molecules per cc, 760"", 0®C, 
Kinetic energy of a molecule at o°C, 
Constant of molecular energy, Eo/T, 
Constant of entropy equation (Boltzmann), =R/N I 
= poVo/TN = (2/3)«, i 

Elementary " Wirkungsquantum," 
Mass of hydrogen atom, 
Radius of an atom, 
Rydberg's fundamental frequency 

V 
" constant = -'^ 

C 
Mol (e) of gas, 76^" pressure, o°C 
PVm = RT, Vra = vol. of molec. wt. in grams. 



when P in grams per cm^ Vm in cm* 



MOLECULAR, ETC.). 

e = 4.774 X lo-i' e. s. u. (M) 
= 1. 591 X io~^* e. m. u. 
^ 1.591 X lo-i* coulombs 
m = about 8.8 X lo-* grams, 
m = 1.770 X 10^ e. m. u. gm-* 
1 = about I X 10-^* cm. 
N = 6.o6Xio28gr-i (M) 
n = 2.70 X iqI® (M) 
Eo= 5.62 X 10-" ergs. (M) 
ff = 2.06 X io~i* ergs/ degrees (B 

k = 1.37 X lo-w ** " (h 

h = 6.62 X 10-^^ erg. sec (K 

= 1.64 X iQ-^ gram. 

= about 10—* cm. 
Vo= 3.28880 X io»*. 

= 109675. 

= 22.4 liters. 






P in atmospheres, Vm in liter 
P in dynes, Vm in cm* 



R = 84.780 gram. cm. 
R ^ o.c^204 1. atm. 
R = 8.31 X 10^ ergs. 



Sq. rt. of mean sq. molec. 
veloc., cm. /sec. at o^C.Xio- 
Mean free path cm. X 10^ 
Molecular diameter cm. X 10* 



H, 



18.4 
18. 
2.2 



He 



13.I 
28. 
2.2 



N, 



4-93 
9.4 

3-3 



O, 



4.61 
9.9 

30 



Xe 



2.28 
5.6 

3-4 



CO, 



3-92 

6.4 

4.2 



(M) MUlikan, Phys. Rev. a, p. 109, 1913. The other values are mostly 
Smithsonian Taslcs. 



H,0 



7.08 
3.8 



Table 407. 
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PERIODIC SYSTEM OF THE ELEMENTS. 



He 
4 

Ne 

20 

A 

40 



Kr 
82 



X 

128 



RaO 



Li 
7 

Na 
23 

K 
39 



Cu 
64 



Rb 
8S 



108 



Cs 
133 



Au 
197 



II 



RO 



Gl 



Mg 
24 



Ca 
40 



Zn 

65 



Sr 
88 



Cd 
112 



Ba 

137 



Hg 
201 



Ra 
226 



III 



R.O, 



B 
II 

Al 
27 



Sc 
44 



Ga 

70 



Yt 
89 



In 
"5 



La 
139 



Yb 
^73 



Tl 
204 



IV 



RO, 



RH4 



c 

12 

Si 
28 



Ti 
48 



Ge 

72 



Zr 
91 



Sn 
119 



Ce 

140 



Pb 
207 



Th 
232 



R.O, 



RHs 



N 
14 

P 
3' 



V 

5» 



As 

75 



Cb 
94 



Sb 
120 



Ta 
181 



Bi 
208 



VI 



RO, 



RH, 




16 

S 
32 



Cr 

52 



Se 
79 



Mo 
96 



Te 
128 



W 

184 



U 
238 



VII 



R,0, 



RH 



F 
19 

CI 
35 



Mn 

55 



Br 
80 



I 
127 



R04.,^3 Oxides 
- ..J^ Hydrides 



Fe Ni Co 
56 59 59 



Ru Rh Pd 
102 103 107 



Os Ir Pt 
«9i 193 '95 
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DEFINITIONS OF UNITS. 

ACTIVITY. Power or rate of doing work; unit, the watt. 

AMPERE. Unit of electrical current. The international ampere, "which is one tenth of the 
unit of current of the C. G. S. system of electro-magnetic units, and which is represented 
sufficiently well for practical use by the unvarying current which, when passed throujg^h 
a solution of nitrate of silver in water, and in accordance with accompanying specifi- 
cations, deposits silver at the rate of o.ooii 1800 of a gram per second. 
The ampere = i coulomb per second = i volt through i ohm = lO""^ E. M. U. = 3 X 

10 • E. S. U.* , 

Amperes = volts/ohms = watts/volts = (watts/ohms) . 
Amperes X volts = amperes* X ohms = watts. 
ANGSTROM. Unit of wave-length = io-*o meter. 
ATMOSPHERE. Unit of pressure. 

English normal = 14.7 pounds per sq. in= 29.929 in.= 760.18 mm. Hg. ;}2® F. 
French " = 760 mm. of Hg. 0° C. = 29.922 in. = 14.70 lbs. per sq. m. 
BOUGIE DECIMALE. Photometric standard; see page 178. 

BRITISH THERMAL UNIT. Heat required to raise one pound of water at its temper- 
ature of maximum density, i ° F. = 252 gram-calories. 
CALORY. Small calory = gram-calory ~ therm = quantity of heat required to raise one 
gram of water at its maximum density, one degree Centigrade. 
Large calory = kilogram-calory = 1000 small calories = one kilogram of water raised 

one degree Centigrade at the temperature of maximum density. 
For conversion factors see page 237. 
CANDLE. Photometric standard, see page 178. * 

CARAT. The diamond carat standard in U. S. = 200 milligrams. Old standard = 205.3 
milligrams = 3.168 grains. 
The gold carat: pure gold is 24 carats; a carat is 1/24 part. 
CARCEL. Photometric standard; see page 178. 
CIRCULAR AREA. The square of the diameter = 1.2733 X true area. 

True area = 0.785398 X circular area. 
COULOMB. Unit of quantity. The international coulomb is the quantity of electricity 
transferred by a current of one international ampere in one second. = io~^ E. M. U. 
= 3 X io«E. S. U. 
Coulombs = (volts-seconds) /ohms = amperes X seconds. 
CUBIT = 18 inches. 
DAY. Mean solar day. = 1440 minutes = 86400 seconds = 1.0027379 sidereal day. 

Sidereal day = 86164.10 mean solar seconds. 
DIGIT. 3/4 inch; 1/12 the apparent diameter of the sun or moon. 
DIOPTER. Unit of "power" of a lens. The number of diopters = the reciprocal of the 

focal length in meters. 
DYNE. C. G. S. unit of force == that force which acting for one second on one gram pro- 
duces a velocity of one centimeter per second. 
=s weight in grams divided by the acceleration of gravity in cm. per sec. 
ELECTROCHEMICAL EQUIVALENT is the ratio of the mass in grams deposited in an 

electrolytic cell by an electrical current to the quantity of electricity. 
ENERGY. See Erg. 
ERG. C. G. S. unit of work and energy = one dyne acting through one centimeter. 

For conversion factors see page 237. 
FARAD. Unit of electrical capacity. The international farad is the capacity of a con- 
denser charged to a potential of one international volt by one international coulomb 
of electricity. = io-» E. M. U. = 9 X 10" E. S. U. 
The one-millionth part of a farad (microfarad) is more commonly used. 
Farads = coulombs/ volts. 

* £. M.U.-C. G. S. electromagnetic units. B. S. U.-C. G. S. electrosUtic tinlta. 
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FOOT-POUND. The work which will raise one pound one foot high. 

For conversion factors see page 237. 
FOOT-POUNDALS. The English unit of work = foot-pounds/g. 

For conversion factors see page 237. 
g. The acceleration produced by gravity. 

GAUSS. A unit of intensity of magnetic field = I E. M. U. = i X I0~w E. S. U. 
GRAM. See page 6. • 

GRAM-CENTIMETER. The gravitation unit of work = g. ergs. 
GRAM-MOLECULE, = x grams where x = molecular weight of substance. 

GR.J1VITATION CONSTANT = G in formula G 2^» = 666.07 X 10-" cm.Vgr. sec* 
For further conversion factors see page 237. 

HEAT OF THE ELECTRIC CURRENT generated in a metallic circuit without self- 
induction is proportional to the quantity of electricity which has passed in coulombs 
multiplied by the fall of potential in volts, or is equal to (coulombs X volts) /4.i^i in 
small calories. 
The heat in small or gram-calories per second = (amperes* X ohm8)/4.i8i =» volts*/ 
(ohms X 4.181) = (volts X amperes)/ 4. 181 = watts/4.181. 

HEAT. Absolute zero of heat = -273.13® C, -459.6® Fahrenheit, -218.5® Reaumur. 

HEFNER UNIT. Photometric standard; see page 178. 

HEN R Y. Unit of induction. It is " the induction in a circuit when the electromotive force 
induced in this circuit is one international volt, while the inducing current varies at 
the rate of one ampere per second." = lo* E. M. U. = i X io~** E. S. U. 

HORSE-POWER. The practical unit of power = 33,000 pounds raised one foot per min- 
ute. = 550ft. pds. per sec. = o. 746 kilowatt = 746 watts. 

JOULE. Unit of work = 10^ ergs. For electrical Joule see p. xxxvi. 

Joules = (volts* X seconds) /ohms = watts X seconds = amperes* X ohms X sec. 
For conversion factors see page 237. 

JOULES EQUIVALENT. The mechanical equivalent of heat = 4.185 X io» ergs. See 
page 227. 

KILODYNE. 1000 dynes. About i gram. 

LITER. See page 6. 

LUMEN. Unit of flux of light-candles divided by solid angles. 

MEGABAR. Unit of pressure = 0.987 atmospheres. 

MEGADYNE. One million dynes. About one kilogram. 

METER. See page 6. 

METERT CANDLE. The intensity lumination due to standard candle distant one meter. 

MHO. The unit of electrical conductivity. It is the reciprocal of the ohm. 

MICRO. A prefix indicating the millionth part. 

M ICROFARAD. One millionth of a farad, the ordinary measure of electrostatic capacity. 

MICRON, (m) = one millionth of a meter. 

MIL. One thousandth of an inch. 

MILE. See pages 5, 6. 

MILE. NAUTICAL or GEOGRAPHICAL = 6080.204 feet. 

MILLI-. A prefix denoting the thousandth part. 

MONTH. The anomalistic month = time of revolution of the moon from one perigee to 
another = 27.55460 days. 
The nodical month = draconitic month = time of revolution from a node to the same node 

again = 27.21222 days. 
The sidereal month = the time of revolution referred to the stars = 27.32166 days (mean 
value), but varies by about three hours on account of the eccentricity of the orbit and 
"perturbations." 
The synodic month = the revolution from one new moon to another = 29.5306 days 
(mean value) = the ordinary month. It varies by about 13 hours. 

OHM. Unit of electrical resistance. The international ohm is based upon the ohm equal 
to 10* units of resistance of the C. G. S. system of electromagnetic units, and "is repre- 
sented by the resistance offered to an unvarying electric current by a column of mer- 
cury, at the temperature of melting ice, 14.4521 grams in mass, of a constant cross 
section and of the length of 106.3 centimeters." = 10' E. M. U. = J X lo~" E. S. U- 
International ohm = i. 01367 B. A. ohms = 1.06292 Siemens' ohms. 
B. A. ohm = 0.98651 international ohms. 
Siemens* ohm = 0.94080 international ohms. 

PENTANE CANDLE. Photometric standard. See page 178. 

PI = IT = ratio of the circumference of a circle to the diameter = 3.14159265359. 

POUNDAL. The British unit of force. The force which will in one second impart a vdoc* 
ity of one foot per second to a mass of one pound. 

RADIAN = iSoVv = 57.29578° = 57** ^7' 45 = 206265". 

SECOHM. A unit of self-induction = i second X i ohm. 
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THERM =« small calory ■= quantity of heat required to warm one gram of water at its 

temperature of maximum density one degree Centigrade. 
THERMAL UNIT, BRITISH = the quantity of heat required to warm one pound of water 
at its temperature of maximum density one degree Fahrenheit = 252 gram-calories. 
VOLT. The unit of electromotive force (E. M. F.)- The international volt is "the elec- 
tromotive force that, steadily applied to a conductor whose resistance is one inter- 
national ohm, will produce a current of one international ampere. The value of the 
E. M. F. of the Weston Normal cell is taken as 1.0183 international volts at 20° 0=10* 
E. M. U. = I /300 E. S. U. See pages xxxiv and 261. 
VOLT-AMPERE. Equivalent to Watt/ Power factor. 

WATT. The unit of electrical power = 10^ units of power in the C. G. S. system. It is re- 
presented sufficiently well tor practical use by the work done at the rate of one Joule 
per second. 
Watts =» volts X amperes * amperes* X ohms = volts'/ohms (direct current or alter- 
nating current with no phase cliff erence). 
For conversion factors see page 237. 
Watts X seconds = Joules. 
WEBER. A name formerly given to the coulomb. 
YEAR. See page 109. 
Anomalistic year => 365 days, 6 hours, 13 minutes, 48 seconds. 
Sidereal " -365 " 6 " 9 " 93 H seconds. 

Ordinary " -365 " 5 " 48 " 46 + 
Tropical " same as the ordinary year. 
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a rays« absorptive powers for 34© 

definition and properties 337 

Aberration constant . 109 

Absorption coefficient: air 181. 182 

o-rays 340 

^-^ays 34© 

7-rays 340 

X-rays 33Si 35(> 

Absorption of gases by liquids 144 

Absorption of light: atmospheric . . 181, 1 8a 

color screens 201 

Jena glasses iq9 

various crystals . . * . . 200 

Acceleration of gravity 104-107 

Aerodynamic data: soaring data 125 

wind pressures 124 

Adonic line 116 

Air: density 162 

masses , 182 

transmissibility for, of radiation ... 181, 182 

viscosity of ... ^ 136 

Air thermometer, comparisons 245 

Air: transmissibility of, for radiation . . . 181.182 

Alcohol: density 98-100 

vapor pressure 149 

viscosity 128 

Alloys: densities 87 

electrical conductivity of ... . 278-280 

resistance of 278-280 

melting-points 222 

specific beats 241 

tnermal conductivity 205 

thermoelectric powers . 269 

Alternating currents, resistance of wires for . . 297 

Altitudes, determination of, by barometer . . . 169 

of a few stations 183 

Aluminum, resistance 284 

wire table, English 292 

metric 293 

Alums: radices of refraction 187 

Ant {logarithms 26-28 

Apex, solar motion . . . ^ no 

Aqueous solutions: boilinf^-points 229 

densities 92 

alcohols 98-100 

diffusion of . . . .138 

electrolytic conductivities 302-308 

Aqueous vapor: pressure 154-1.S5 

saturated, weight of 156 

transpKirency 182 

Astronomical data 109,110 

Atmosphere, aqueous vapor in . . . . X46, Z57> 182 
transmissibility for radiation 181, 183 

Atom, mass hydrogen 342 

Atomic numbers 336 

Atomic weights 301 

fi rays, absorption coefficients 340 

" Back-body radiation .251 

Barometer: boiling temperature of water for various 

heights 170-171 

correction for capillarity 123 

latitude, inch . . . .121 
metric . . . 122 

sea level 120 

temperature . . .1x9 

heights, determination of, by . . . 169 

Batteries: composition, electromotive forces . . . 262 

Baum6 scale: conversion to densities 8x 

Bismuth, resistance of, in magnetic field .... 333 

Boiling-points: chemical elements a 18 

inorganic compounds . . . 219, 220 
organic compounds . . . 223-225 
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Boiling-point, raising of, by salts in solution . . . 339 
of water and barometric pressure . .170 

Brick, crushing strength of 68 

Brightness of various lights 178 

British weights and measures 7-10 

y rays, absorption coefficients for 340 

Cadmium line, wave-length of red 172 

Calibration curves, for thermo-clcments .... 250 
points, standard, for thermometer . 247 

Candle, energy from 178 

Candle power, standard 178 

Capacity, specific inductive: crystals 3x4 

gases 309 

liquids 310 

liquid gases . . . .313 

solids 313 

Capillarity, correction to barometer for . . . 1 23 

liquids 145-146 

h'quids near solidifying point . . X46 

salt solutions in water 145 

thickness of soap films X46 

Carcel unit 178 

Carrying capacity of wires 279 

Cells, voltaic: composition. £. M. F. . . 262-263 

double-fluid 363 

secondary 263 

single-fluid 263 

standard 361, 363 

storage 363 

Charge elementary electrical 343 

Chemical, electro-, equivalents 301 

equivalent of silver . . 361, 30X 

Chemical elements: atomic weights 301 

boiling-points 3x8 

compressibility 73 

conauctivity. thermal . 305 

densities . . 83. 91 

electro-chemical equivalents . 30Z 

hardness 73 

melting-pointH . ^ 3x7 

resistance, electrical . . 374-376 
specific heats . . . 338, 340 

tnermal conductivities . . . 305 
expansion, linear .333 

Chemkal ener|^ data 209, 3x3-3x3 

Circular functions, argument i^') 3a 

(radians) .... 37 

Coals, heat of combustion of 3io 

Cobalt, magnetic properties of 33 x 

Color screens 30X-303 

Combination, heat of 2x3 

Combustion, heat of: coals 3x0 

explosK'es 31 x 

fuels (liquid) sio 

organic compounds . . 3x3 

peats 3XO 

Compressibility: chemical elements 73 

{:ases 76-78, X64-X68 
iquids 79 

solids 80 

Concretes: resistance to crushing 68 

Conductivity, electrical: su Resistance. 

alloys 377-279 

alternating currents, effect of . . 297 
magnetic field, effect of ... . 333 

electrolytic 302-308 

equivalent 305*308 

ionic (sepirate ions) .... 308 

specific molecular 303 

limiting values . 304 

temp'ture coef. . 3®4 

glass aad porc'l'n, temp'ture ooel . a8a 



350 



INDEX. 



PAGE. 

Coaductivity, thermal: gases 308 

liauids 207-8 

salt solutions 207 

solids 305 

solids, high temperature . 306 

water 207 

Constants, mathematical 14 

Contact diflerences of potential .... 364-267 
Convection, cooling by ...... . 352-353 

Conversion factors for work units 337 

Baum6 to specific gravities . . . .81 

Cooling by radiation, perfect radiator 3Si 

and convection . . . 252-253 

Copper wire tables 284-291 

English unit". 286 

metric units 289 

Cosines, circular natural 32, 37 

logarithmic 32, 37 

hyperbolic natural 41 

logarithmic 4z 

Cotiingcnts, circular natural 32, 37 

logarithmic 3a. 37 

hyperbolic natural 41 

logarithmic 41 

Critical data for gases 231 

Crushing, resistance to: bricks 68 

concretes 68 

stoiics 68 

timber, wood .... 69 

Crystals: dielectric constant 314 

cip.sticity . .^ 74-75 

exrKin»ion, cubical thermal 334 

indices of refraction 188-190 

transmissibility for radiation .... 200 
Cubical thermal expansion: gases 236 

liqu*'^* *3S 

solids 234 

Curie unit of radioactivity . • 341 

Current, absolute, measures 261 

Cutting tools, lubricants for 126 

Cyclic magnetization, energy losses in. . . 322-325 

Declination, secular change of magnetic .... xii 

Dejiree-i, length of , on earth 108 

Dcm.iKnetizini; factors for rods 323 

Densities in air. reduction to vacuo 82 

Density: air: values of A/760 162 

alcohol: aqueous ethyl 98-00 

methyl 100 

alloys 87 

aqueous alcohol 98-99 

cane-sugar 100 

salt. acid, basic solutions ... 92 

sulphuric acid 100 

chemical elements 83. 91 

earth 108 

p;ases 91 

morpanic compounds 219 

liquids ... .X ' . . 9qj, 

mercury 97 

metals 83 

minerab 88 

organic compounds 223 

water 94~96 

woods 8s 

Dew points 156 

Dielectric constant: (specific inductive capacity) 

calihmtion. standards for . .313 

cr>'stals 314 

gases, atm. pressure .... 309 

pressure coef 310 

temperature coef. . 309 

liquids 310-311 

temperature coef. .312 

solids , 313 

Dielectric strength: air: altematini! potential. . . 294 

steady potential .... 294 

kerosene 296 

large spark-gaps .... 295 
pressure effect .... 295 
various materiab. . . 296 

Dielectrics, solid, resistance of 281 

Difference of potential: 

cells: double fluid 263 

secondnp' 263 

single fluid 262 

standard 261. 2(y^ 

storage 263 

contact : iiguids-Uquids in air . . .264 



Difference of potential: 

contact: metals in salt solutions 
salts with li(juids . 
solids-solids in air . 

Peltier 

thermo-electric 

platinum couples 

Differential formula; 

Diffusion: aqueous solutions, water 

gases and v.-tr^rs: coefiitients . 

metals into n.etaLs 

vajwrs 

Diffusion integral 

Diffusivitios, thermal 

Dilution, heat of . 

Dip, magnetic 

secular change 

Disr«rsion of Kerr Constant 

Djmamical equivalent of thermal unit . . 



c, value of 

e / m 

e*, e— *, and their logarithms 
l<Ht. «*, X, from o to 10 . 

e* e~* , and their logarithms 



w 

-X 



e^ f e ^ ' AD<1 ^bcir logarithms . 
e* e ^ ^^^ ^^^ logarithms . 

X —X 

=-^- - , and their logarithms . 
2 



tx—e—x 



i( 



Earth: data 

densities 

dbtance from sun 

length of degrees 

miscellaneous data 

rigidity 

vi«rosity . . .■ 

Elasticity: crystals . 

moduli of rigidity 

modulus, Young s 

Electric charge elementary 

Fleet ric lights, efficiency of 

Electrical conductivity: alloj's 

alternating current, effect 
high and low temperature 
magnetk field, effect of 
Electrical resistance: see Conductivity. 

dielectrics .... 

insulators 

ohm, various determinaiio 
specific: metals . 
temperature coefficients 
' temperature effect , glass 

Electricity, specific heat of 

Electric units, dimensional formule . 

International 
Electrochemical equivalents .... 

silver 

Electrolytic conductivity: 

dilute solutions . . 
equivalent 



ionic .... 
specific molecular 

limiting values 
temp. coef. 
Electromagnetic svstem of units . 
Electromagnetic /electrostatic units = v 



EUectromotive force: cells: 



double fluid 
secondary , 
single fluid 
standard 



storage 
contact 

liquids-liquids in air 
metaU in salt soh;tions 
Peltier .... 
salts with liquids 
solids-solids m air 
thermo-electric . 

(platinum) 

Electrons, miscellaneous data .... 

Elementary *'Wirkunc**quantum" . 

Elements: atomic weights 
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£len;ents: boiliag-points 218 

compressibility ........ 73 

conauctivity, thermal . . . . 205 

densities '. . B3, 91 

electrochemical equivalents .... 301 

hardness 73 

melting-points 317 

periodK system 343 

zesistance, electrical .... 27^-276 
specific heats ...... 238, 240 

spectra (promment lines) 173 

toermal conducthritics 305 

expansion, linear 332 

cubical, gases . . .336 

Elliptic integrals 66 

Emanation, radium 3:41 

Emission of perfect radiator 351 

Energy, data relating to solar 181-183 

EneiKy of radiation-candle 178 

Hefner unit 178 

sun xSz 

Entropy equation constant 342 

Entropy of steam 254-358 

Equation of time no 

Equilibrium, radioactive 337 

Equivalent, electro-chemical: elements .... 301 

ionic 302 

silver . . . 261, 30 z 
Equivalent, mechanical, of heat ...... 237 

Errors, probable 56-59 

Eth^l alcohol, specific gravity of aqueous .... 98 

Ettughausen effect 334 

Eutectic mixtures, melting-points . . . . 222, 226 

Expansion, thermal: cubical, crystals 234 

gases 236 

uouids 235' 

• solids 234. 

linear, elements 233 

various 333 

gas 164 

EzploaiveSt composition, etc 311 

Exponential functions: e^, e—', their logs ... 48 

log. e^. X'^'o to 10. . . 48 

e**, «— **, their logs ... 54 
- —-x " " ^s 

"^'x, —^x, their logs SS 

e * e * 

*' *~ , their logs ... 41 

a 

, ... 41 

3 

diffusion integral .... 60 

fadermanians 41 
yperbolic sines .... 41 
cosines. ... 41 
cotangents 41 

tangents ... 41 
logs, hjrperbolic sines . .41 
cosines . . 41 
cotangents . 41 
tangents . 41 
probability integral . . 56, 57 
Eye, sensitiveness of, to radiation 180 

Fabry-Buisson. !>tandard arc Fe wave-lengths .173 
Factorials n/ i to 20 47 

f^amma function, n » x to a 63 
ogarithms. i to 100 40 

Fechner's law 180 

Field: earth's magnetic field, components of . xxi-117 
magnetic, behavior of metals in . . 315-325 

resistance of metals in 333 

rotation of plane of polarization . 326-^1 

thermo-. galvanomctric effects . . . 3 '4 

Films, thin: thickness, colors, tension of . . 145- 1.16 

Fluorit;: index of refraction 186 

Formatbn, beat of, from elements . . 312-213 

of ions . . ^ 213 

Formube, conversion: dynamic units 2 

electric " 3 

fundamental 2 

geometric 2 

neat 3 

magnetic 3 

see iNTKOOccnoN. 
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Fraunhofer lines, wave-lengths of 177 

Freezing mixtures 230 

Freezing-points, lowering of, by salts in solution. . 227 

Frequency, oscillation constant, wireless telegraphy. 298 

Friction, coefficients of 126 

Fueb, heats of combustion of 210 

Functions: circular arguments C) 32 

(radians) .... 37 

exponential 48-61 

factorials 40, 47, 62 

gamma 62 

yperbolic 41 

Fundamental units 2 

Fusion, latent heat of ' . 2x6 

Fusion of wires, carryii^ capacity 279 

Gages, wire 283 

Galvanometric effects of magnetic field .... 334 

Gamma function 63 

Gas constant 34a 

Gas thermometry 244-247 

Gases: absoiption of, by liquids .... X4a, 144 

atomic weights 30X 

compressibility of 76-78 

conductivity, thermal 20S 

critical data for 231 

densities 91 

dielectric constants 309, 3x0 

diffusion 140 

expansion of X64-168 

expansion, thermal 236 

heat, conductivity for 208 

indices of refraction X93 

magnetic susceptibility 3^2 

magneto-optic rotation 330 

refractive indices of 103 

sound, velocity of. in loa 

solubility of X42, lu 

specific heats 24 3 

thermal conductivity 208 

thermal expansion 236 

viscosity of 136 

volume of (x -t- 0.00376/) .... 164-ifyS 

Geodetic data 108 

Geometric units, conversion factors for ... . 2 

Glass: indices of refraction 184 

silica, specific heat 240 

transmiasibility of Jena iqq 

various .... 20X-202 
electric resistance, temp, variation . . .282 

Glass^ ve^ls. volumes of x i 

Gravitation constant 109 

Gravity, acceleration of X04- 106 

correction to barometer 1 20 

Gudermanians ax 

Gyration, radii of 67 

Hall effect 334 

Hardness 73 

Harmonics, zonal 64 

Heat: combination, heat of 2x2 

combustion: coals 2x0 

dilution, heat of 2x3 

explosives 2x1 

fuels liquid azo 

orRanic compounds . . . .2x3 

peats 2ZO 

conductivity for: gases 207 

Rqulds 207 

sji t solutions 207 

so ids 205 

so ids, hish temperature. . 206 

water 207 

diffusivities ao8 

formation, hen t of 3Z2-213 

latent beat of fusion 216 

v.-xporization . . . 2x4, 254-259 

mechnnical equivalent of 237 

neutmlization. s'jlphuric acid 213 

solution, heat of 213 

specific: elements 238. 240 

p.'isfs 243 

litmi Is 24Z 

mercury 239 

minerals 242 

roc' s 242 

Soli'ls 241 

vapors 243 

water 239 
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Heat: vaporuation of steam 254-258 

*■ Heat, specific." of electricity 268 

Heating effect, rddium ^ 337 

Hefner photometric unit . 178 

radiation from . . . .178 

Heights determinations of by barometer .... i6q 

Helium, — relation to radium 337 

Horizontal intensity of earth's field 115 

secular change . 115 

Horse power 346 

Humidity, relative 158-160 

Humidity term, 0.378^ i6x 

Hydrogen atom mass 34a 

Hydrogen thermometer 344 

Hyperbolic cosines, natural ^ 4X 

logarithmic 4X 

Hyperbolic cotangents, natural 41 

logarithmic 41 

Hyperbolic sines, natural 41 

logarithmic 41 

tangents, natural 4X 

Ic^arithmic 41 

Hysteresis: soft iron cable transformer .... 322 

wire 322 

steel, transformer 325 

various substances 324 

Iceland spar, refractive index of 186 

Ice-point on thermodynamic scale 247 

Inclination (dip) of magnetic needle 113 

secular change of 113 

Index of refraction: alums 187 

crystals 185-190 

fluorite 186 

gases and vapors iq3 

Jlass 184 
celand spar 186 

liquids 192 

metals . . . . 195-196 

monorefringent solids . .188 

nitroso-dimethyl-anilbe . . .186 

quartz 187 

rock-salt 185 

salt solutions 191 

silvine 185 

solids, isotropic 18S 

Inductive capacity, specific: calibration st'ds. . . 313 

gases, atm. pressure . 309 
pressure coef . . 309 
temp. coef. . .310 

liquids 310 

temp. coef. . .312 
solids . . . 313-314 

Inertia, table of moments of . 67 

Inorganic compounds: boiling-points 219 

melting-points 219 

Insulators, resbtances 281-382 

temperature coefficients . . . 281-282 

Integral, diffusion 60 

elliptic 56 

gamma function 62 

probability 54. 57-58 

Integrals, elementary 12 

International electric units xxxv 

Intensity, horizontal, of earth's field 114 

secular variation . 114 
total, of earth's field. . . . . . .115 

secular variation . 115 

Intrinsic brightness of various lights 178 

Ionization of water 308 

Ionization, a, ^, 7, rays 337,341 

a rays 338 

X-rays . 335 

Ions: equivalent conductivity of 308 

heat of formation 213 

Iron: hysteresis in soft 322 

magnetic properties of, weak fields . . .322 

saturated .... 321 

permeabilities ........ 315-320 

standard arc lines, Fabry -Buisson . . .172 

' secondary standards . .17a 

tertiary standards . . .176 

Joule's (mechanical) equivalent of heat .... 337 

Kerosene, dielectric strength 296 

Kerr's constant 331 

Kerr's constant, dispersion of 331 

Xundt's constant 330 

dciSoJtJoo of 330 
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Lamps, efficiency of various electric 179 

Latent heat of fusion 316 

vaporization .... 214. 254, 255 - 
Latitude correction to barometer . . . . 121-123 

Latitudes of a few stations 117, 183 

Least sauarcs 56-59 

Leduc tnermomagnetJc effect 33d 

Legal electrical units xxxviii 

Light: indices of refraction 184-196 

polarized: rotation of plane by solutions . . 303 
rotation, magneto . . . 336-331 

reflection of; function of "fi" 197 

meUls 195-198 

sensitiveness of eye to 180 

transmissibility to, of substances . . 199-302 

velocity of 109 

wave-lengths: cadmium st'd line . . . .173 

elements, brighter lines . .17a 

Fraunhofer Imes . . . .177 

st'd iron arc. Fabry . . .17 a 

solar, Rowland . . .173 

Lights, brightness of various 178 

efficiency of electric 179 

visibility of white 178 

Linear thermal expansion coef . of elements . . .333 

various .... 333 

Liquids: absorption of gases by 144 

capillarity of 145-146 

conwrcssibility of 79-80 

conductivity, thermal .... 207, 308 

densities 83, 90, 94-xoo 

dielectric constants 310-3x3 

dielectric strength 396 

diffusion, aqueous solutions 138 

expansion, tnermal 335 

fuels, heat of combustion sxo 

magnetic susceptibility 333 

magneto-optic rotation 328 

potential differences with liquids . 364 

metals . . . 267 
salts .... 364 

specific heats 341 

surface tensions X45-X46 

thermal conductivity 307-308 

expansion 335 

vapor pressures 147-155 

velocity of sound 103 

viscosity x 29-130 

Logarithms 26 

XO0O-3000 34 

anti- 28 

.9000-1.0000 30 

Longitude of a few stations 1x7. 183 

Lowering of freezin(;-points by salts 327 

Lubricants for cutting toob 126 

Lunar parallax 109 

Mache radioactivity unit 341 

Maclaurin's theorem 12 

Magnetic field: bismuth, resistance in .... 333 
Ettingshausen effect 334 

falvanomagnetic effects .... 334 
fall effect 334 

Leduc effect 334 

Nemst effect 334 

nickel, resistance in 333 

optical rotation . . 326-331 

resistance of metals in ... . 333 

thermo-magnetic effects .... 334 

Magnetic observatories, magnetic elements . . .117 

Magnetic properties: of cobalt at loo** C . . . . 321 

iron: hysteresis . . 322-335 
permeability 

31S-317. 320-331 
saturated .321 

weak fields .... 333 

niagnetite 331 

nickel at xoo** C . . . . 331 
Magnetic susceptibility, liquids, gases .... 332 
Magnetic units, conversion formuUe ..... 3 

Magnetism, terrestrial: agonic line 1x6 

declination 111 

dip 113 

horizontal intensity . . .1x4 

inclination 113 

intensity, horizontal . .1x4 

total .... IIS 

observatories 1x7 

Magneto<optic rotation 326-331 
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Ifasses of the eutb and planets xxo 

Materials, strength ctf : bricks 68 

concrete 68 

metals 68 

stones 68 

timber 69-70 

woods 69-70 

Mathematical constants 14 

tables, references 67 

Mechanical equivalent of heat 337 

Melting^)oints: chemical elements 217 

eutectics 226 

inorganic compounds 2x9 

mjnerals 226 

mixtures falloys) 222 

(low melting-pomts) . . 222 

organic compounds 223 

pressure effect 22x 

Meniscus, volume of mercury X23 

Mercury: density of 97 

electric resistance of 273-274 

meniscus, volume of x 23 

pressure of columns of 118 

specific heat 239 

vapor pressure - X5x 

Metals: diffusion of, into metals X40 

indices of refraction X95-196 

optical constants X95-X96, xo8 

potential differences with solids .... 266 

solutions . . . 267 
reflection of light by ... . X95-X96, 198 

refractive indices X95-X96 

resistance, electrical .... 273, 284-293 

specific 274 

sheet, weight of 89 

tran»r*arency of X95 

Metallic reflection X95-X96, xo8 

Methprl alcohol, deasity of aqueous xoo 

Metric weights and measures: British eouiv. . . 7-zo 

U. S. equivalents . 5-6 

Minerals, densities of 88 

specific heats of 242 

Mixtures, freezing 230 

Moduli of elasticity: rigidity 7x 

Youngs 72 

Mol(e) of gas 342 

Molecular conductivities: equivalent . . . 305-308 

specific .... 30X-304 

Molecular magnitudes 342 

Molecules per cu. cm. gas 343 

Moments of inertia 67 

Monthly temperature means X83 

Moon's light and radiation zio 

Musical scales X03 

Nemst thermo-magnetic difference of potential . . 334 
Neutral points, thermo-electric .... 268-269 
Neutralization sulphuric acid, heat of . . . .2x3 

Newton's rings and scale of colors 204 

Nickel: Kerr's constants for 331 

magnetic i)roperties of, at xoo° C. . . . 32X 

resbtance in magnetic field 333 

Nitro<u)-(limcthyl-aniline, refractive index . . . x86 

Numbers atomic 336 

Nutation 109 

Observatories, magnetic, elements xx? 

Ohm, various determinations of 272 

Oils, viscosity of X28 

Organic compounds, boiling-points . . . 223-324 

densities 233-224 

melting-points . . . 223-234 
Oscillation constant, wireless telegraphy .... 298 

Parallax: solar; lunar X09 

Parallax: stellar xio 

Peltier effect 268,271 

Pendulum, length of seconds X07 

Periodic system of the elements 343 

Permeabilities, magnetic . . . .,3x5-3x7,320-321 
Phosphorescence from radio-active bodies . . . 337 

Photometric standards 178 

Pi, ir, value of 12 

Planck's radlition formula asx 

Plane, data for the soaring of a X25 

Planetary data 1x0 

Planets, miscellaneous data xxo 

Platinum resistance thermometer 247 

Poisson's ratio 73 

Polarized light: by reflection 197 



Polarised light: by meUllic reflection 195 

rotation by magnetic field . 326-331 

solutions 303 

Potential difference: cells: double fluid . . . .263 

secondary 263 

single fluid 26a 

standard ... a6i, 263 

storage 363 

contact: liquid-liouid . . .264 
liquid-salt .... 264 
metal-liquid ... 267 
solid-aolid .... 266 
q«rking: air ... . 294-295 
kerosene .... 296 

various 296 

thermoelectric . . . 268-271 

Precession ••..... X09 

Pressure: barometric measures XX9-X23 ^ 

barometric and boiling water . . 170-X7X 

heights 169 

mercury columns, due to nS 

water columns '* '* ..... ng 

wind j2^ 

Pressure effect on melting-points 331 

solubility i^ 

Pressure, vapor: alcohol, ethyl and methyl . . . 149. 

aqueous X54-X55 ' 

in atmosphere . . 156-157 

mercury x^x 

salt solutions 153 

various X47-X5S 

Probable errors 56-59 

Probability tables 56-59 

Purkinje's phenomenon 180 

Quartz fibers, strength of 68 

refractive index of 187 

specific heat 340 

R, gas constant 343 

Radiation: black-body 351 

candle 178 

constants of 351 

cooling b^^ and convection . . 352-253 

eve. sensitiveness of , to x8o 

Hefner unit 178 

Planck's formula 251 

resistance, wireless telegraphy .... 300 
sensitiveness of the eye to .... 180 

"so^r constant" of x8i 

solar, monthly change 183 

Stefan's formula 251 

transmissibility of atmosphere to . x8i, x83 

Radii of g^tion 67 

Radio-active equilibrium 337 

Radio-activity 337-341 

Radium 337'~34X 

Radium emanation 337'-34X 

Reflection of light: by metals .... X95, 196, 198 

terms of "*•" and "»•» . . 197 
various substances. . . . zoS 

Refraction, indices of: alums 187 

crystals Z85-XOO 

fluorite 186 

gases and vapors .... 193 

flass ....... 184 
celand spar x8o 

liquids 19a 

metals 195-106 

monorefringent solids . . . x88 
nitroso-dimethyl-aniline . . z86 

quartz 187 

rock-salt i8s 

salt solutions ..... xox 

silvine 185 

solids, isotropic .... 188 

Relative humiditv 158-160 

Resistance: ste also Conductivity. 

alternating current, effect of ... . 207 

aluminum a84 

copper a84 

dielectrics, solids a8i 

electrolytic, see Conductivity. 

glass and porceUin a8a 

at high and low temperature .... a8o 

insulators a8z 

magnetic field, of bismuth in ... . 333 

metals in ... . 333 

nickel in ... . 333 

olim, various determinations of . . .37a 
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Resistanoe: platinuzn. thermometer 347 

radiation, wireless telegraphy. . . . 300 

specific: metaU 274-276 

surface, solid dielectrics 281 

wire, table for computing .... 273 

wires 273, 286-2Q3 

temperature variation . 376, 280, 282, 285 

Rigidity of earth 108 

Rigidity, modulus of 71 

tempenituie variation ... 71 

Ring correction (magnetization) 317 

RoOL-salt, indices of refraction 185 

Rods, demagaetizing factors for 333 

Rdntgen rays 335-336 

ray spectra 336 

Rotation of polarized light: by solutions .... 203 
Rotation, magneto-optic: formuhe 326 

Sases 330 
Lerr's constant . . .331 

Uauida 328 

solids 327 

solutions 329 

Verdet's constant . 326-330 

Rowland's standard wave-lengths 173 

Rydberg's constants 342 

Salts, lowering of freezing-point by 227 

raising " boiling- ** ^* 229 

Saturation, magnetic, for steel 321 

Scales, musical 103 

Screens, color 201-202 

Secondary batteries 263 

Seconds, pendulum 107-108 

Sections of wires 283 

Shearing tests of timber 69-70 

Sheet metal, weichts of 89 

Silica glass specinc heats 240 

Silver, electro-chemical equivalent ... 261, 301 

Silvine, indices of refraction 185 

Sines, natural and logarithmic, circular . . . 32-40 

hyperbolic . . 41-47 

Sky-light, comparison with sunlight 182 

Soaring of pUnes. data for 125 

Solar constant of radiation 181 

distance from earth 109 

energy, data of 181-183 

motion no 

parallax 109 

radiation monthly change 183 

spectnun z8i, 183 

temperature 181 

wave-lengths. Rowliuid's 173 

Solids: compressibility 73, 80 

densities 83-87 

dielectric constant 313 

dielectric resistance 281 

electrical resistance 372-297 

hardness 73 

indices of refraction 185-190 

magneto-optic rotation by .'337 

thermal conductivity 305-206 

expansion 333-334 

Solubility gases 142 

pressure e£fect 143 

salts Z41 

Solution, heat of 313, 213 

Solutions: bciling-point, raisng by salts in . . . 229 

boiling-points of aqueous 229 

c<Hiductivity, thermal 207 

electrolytic . . . 302-308 
densities of aqueous .... 92-93, 98-100 

diffusion of aqueous 138 

freezing-points, lowering by salt . . .227 

of aqueous 227 

indices of refraction 19Z 

magneto-optic rotation of 329 

potential (contact) differences . . 364-267 

specific heats . . 341-343 

surface tensions Z45 

viscosities X31-13S 

Sotmd, velocity of, in solids xoz 

liquids and gaaet .... Z02 

Sparking potentials 394->396 

Specific gravity, see Density. 

beat of air 343 

elements 338, 240 

gases 243 

liquids 241 

mercurv 239 

minerau and rocks 343 
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Specific heat of platinum 240 

quartz 240 

silica glass 340 

solids 241 

vapors 343 

water 239 

"Specific heat of electricity" 268 

Specific inductive capacity: gases .... 309-310 

uauids . . . 310-313 

solids ,413 

molecular conductivities .... 303-304 

resistance 273-276 

viscosity: gases and vapors 136-137 

licjuids and oils .... 128-130 

solutions 131-135 

Spectra: elements, brighter lines 172 

iron, Fabry-Buisson 172 

Rdntgen ray 336 

solar, Fraunhofcr lines 177 

Rowland's measures 173 

Squares, least, tables 47-49 

Standard calibration temperature 247 

Standard cells 261-263 

wave-lengths: Fabry-Buisson . .172 

primary 172 

Rowland 173 

secondary 172 

tertiaiy 176 

Standards, photometric 178 

Stars, distance of no 

parallax no 

velocities of . 1 10 

Steam tables: metric units 254 

common "... 254 

Steel: magnetic properties: hysteresis . . 319.322-325 

permeabilities . 315-322 

Stefan-Boltzmann radiation formula 231 

Stellar velocities no 

Stone: strength of . 68 

thermal conductivity 205 

Storage batteries , , 263 

Strength of materials: bricks 68 

concrete 68 

metals 68 

stones 68 

timber, woods .... 69-70 

Sugar, densities aqueous solutions ...... too 

Sulphuric acid, densities aqueous solutions . . 100 

heat of neutralization 213 

Sim: constant of radiation 181 

disk: distribution of intensity 181 

distance from earth 1:09 

light; ratio to sky-light 183 

magnitude no 

motion no 

parallax log 

radiation 181 

spectrum I73> 181 

temperature 181 

Suriace resistivities, insulators 281 

Surface tension 145-146 

SyWine, refractive indices 185 

Tangents circular, natural .^ 32. 37 

logarithmic 32i 37 

hyperbolic natural 41 

logarithmic 41 

Taylor's series 13 

Telegraphy, wireless 398, 300 

Temperature, critical, for gases 231 

resistance for higjh and low . 38o 

rcsbtance coefficients 376-285 

sun's iSt 

thermodynamic 347 

Temperatures, mean monthly 183 

Tensile strengths 68-70 

Tension, surface 145-146 

vapor, see Vapor pressure. 

Terrestrial magnetism: agonic line xx6 

declination, secular change . xn 

dip XX3 

secular diai^e. . . . 113 

horizontal intensity . . X14 

secular change . 114 

inclmation 113 

secular change . 1x3 

observatories 117 

total intensity .... 1x5 

secular change . xxs 

Thermal conductivities: gases Ml 
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Tbennal conductivities: liquids 208 

salt solutions .... 307 

solids 205 

solids, high ten;perature . 306 

water 207 

Tbennal diflfusivitics 208 

Thermal expansion: cubical: cr>'stab 23 a 

g:ises 230 

liquids 235 

solids 234 

linear: elements . . .232 

various 233 

Thermal unit, dynamical equivalent 227 

Thcrmo-chemistry 209. 212-213 

Thermodynamic ice-point 247 

Thermodynamic scale of temperature . . . 247 ^ 

Thermo-electricity 268-271 

Peltier effect .... 268, 271 

Thermo-elements, calibration curves 250 

Thermo-magnetic effects . 334 

Thermometer: air-i6, 0° to 300° C 24S 

59, 100° to 200° C 245 

nigh-temperature-5Q .... 246 
hydrogen-i6, o** to 100'* C ... 244 

16, so. -5° to -35** C . . 244 
5Q. 0° to 100° C ... 244 

various 246 

platinum resistance. ..... 247 

standard calibration points . . 247 

Thennometer stem correction 248-24Q 

Thomson thermo-electric effect 268 

Timljcr, strength of 69-70 

Time, equation of no 

Time, sidereal, solar log 

Tools, lubriciints for cutting 126 

Transfomialion points, minerals 226 

Transformer-iron, permeability of. . . 31S-U6. 320 

steels, energy losses in . . 322-325 

Transmissibility to radiation: atmospheric iSi, 1H2 

cr>'stals .... 200 

* glass IQQ 

water 202 

Trigonometric functions: arguments P') .... 32 

(radians) 37 

United States weights and measures, conversion to 

metric units 5-6 

Units of measurement: definition, see Appkndix. 

conversion factors .... 2-3 
discussion, see Introduction. 

international electric xxxv 

photometric . . . ^ 178 

ratio of electro-magnetic to static . . 260 

V, ratio of electro-magnetic to -static units . . . 260 

Vacuo, reduction of densities 82 

weighings 82 

Vapor, aqueous: vapor pressure .... i.S4-i55 
pressure of, in atmosphere . . .157 

relative humidity 160 

(saturated) weight of .... 156 

Vaporization, latent heat of 214 

for steam. . 254. 255 

Vapors: densities Ox 

. diffiii%ion of 139, 140 

; indices of refraction 193 

pressures: alcohol, ethyl, methyl . . 149 

aqueous 154-iSS 

mercury 151 

Salt solutions 153 

various 147-155 

specific heats 243 

visco-.ity 136-137 

Velocity of lijil it . _ ^ 109 

sound; in gases and liquids .... 102 

solids loi 

stars no 

sun no 

Verdet's constants: Verdet and Kundt's .... 330 

gases 330 

liquids 328 
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Verdet's constants: solids 337 

solutions, aqueous . . . .329 

Viscosity: alcohol in water 1 38 

earth 108 

^^. «3^i37 

liquids 128-129 

vapors 136-137 

water: temperature variation . .127 

specific: gases 136-137 

oils 128 

solutions 131-13S 

vapors X36-137 

water: temp, var 137 

Visibility of white lights 178 

Voltaic celk: composition, E. M. F. . . . 263-363 

double-fluid 263 

secondary 363 

single-fluid 363 

standard 361, 363 

storage 363 

Volts, legal (international) zxxvi, 36x 

Volume of mercury meniscus 133 

Volumes: critical, for gases 231 

gases 164 

^\as& vessels, determinations of . . . x x 

Water: boiling-points for various pressures: 

common measures . . . 170 

metric measures . . . .171 

densities, temperature variation . • 05i 96 

Water: ionization of 309 

solutions in: boilini^-points 228 

densities 92, 98-100 

diffusion ^ X38 

electrolytic conduction . 303-308 

solutions of alcohol, densities .... 98-100 

thermal conductivity 307 

transparency of . 303 

vapor pressure 154-1 55 

vapor, pressure of, in atmosphere . 156-157 

(saturated) weights of 150 

transparency of . ; x8x 

viscosity: absolute, temp, var 137 

specific, temp, var X37 

Wave-lengths: cadmium red line 173 

elements, brighter lines . . .173 

Fabry-Buisson iron arc lines . . . X73 

Fraunhofer lines X77 

iron lines, Fabr>'-Buisson .... 173 

primary standards X73 

Rowland's solar lines 173 

secondary standards 173 

solar lines (Rowland) 173 

tertiary standards 176 

wireless telegraphy . 398-300 

Weighings, reduction to vacuo . . ._ . . .82 

Weights and measures: British to metric . . . •9~iQ 

metric to British .... 7-8 

metric to U.S 6 

U.S. to metric .... 5 

Weights of bodies 67 

Weights of sheet metal 89 

Wind pressures 134 

Wire gages 383 

Wire tables, aluminum English 393 

metric . .' 393 

copper English 286 

metric 389 

resistance, table for computing 373 

Wires, carrying capacity of 379 

Wireless telegraphy 398-300 

Woods: densities of 85 

strength of 69-70 

Work units, conversion factors 337 

X-ra>'s 335-336 

Yearly temperature means . . • 183 

Young's modulus of elasticity 72 

Zero, thermodynamic ice-point 347 

2k>nal harmonics 164 
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